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Abstract 
The forest herbaceous layer provides important ecosystem services, but land use 
changes have led to a decline in native herbaceous perennial species in the Midwest, 
including Iowa. Restoration focused on the herbaceous layer is uncommon, and best 
practices have not been established. Significant debate has developed over appropriate 
plant sources for restoration: geographically distant populations of the same species are 
often genetically distinct, and this phenomenon may affect restoration success. In the 
first part of this study, I examined genetic variability and phenotypic plasticity of local 
and nonlocal populations of six herbaceous perennial understory species. I used a 
common garden study to test for genetic variation in vegetative and reproductive traits 
and a field study to test for phenotypic plasticity. I detected genetic differences between 
local and nonlocal populations for about half of the measured traits, and observed that 
few trait differences in greenhouse trials were also consistently expressed by plants in 
the field due to phenotypic plasticity. In the second component of this study, I examined 
the recommendation to practitioners to use local ecotypes in restoration. I surveyed two 
stakeholder groups, conservation professionals and nursery professionals, to learn if 
there were differences between the two groups in terms of perception, use, or sale of 
native and local ecotype plant material. I found that 78% of conservation professionals 
use native plants for a majority of their restoration projects, while only 9% of nursery 
professionals sell a majority of native plants. There was also a time lag between demand 
and supply for these plants: 67% of conservation professionals have been buying native 
plants for >10 years, while only 25% of nursery professionals have been selling native 
plants for that long. Although conservation professionals indicated interest in using local 
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ecotype plant material, only 30% of survey respondents and 22% of their organizations 
have plant sourcing guidelines. Members of both groups reported that they rely on 
trusted authorities and professional training for information on local ecotypes, 
representing an opportunity to encourage collaboration and create sources of native plant 
materials, particularly herbaceous perennial species. 
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CHAPTER 1: GENERAL INTRODUCTION 
Temperate deciduous forests in the northeastern United States provide important 
ecosystem services, including maintenance of air, water, and soil quality, filtering of dust 
particles, habitat for maintenance of biological diversity, and recreation and aesthetic 
values (Dobbs et al. 2010). However, many forests throughout the Midwestern region 
have been replaced by agricultural or urban land uses. For example, the landscape of 
Iowa was historically a mosaic of tallgrass prairie, prairie pothole wetlands, and upland 
and riparian forests (Thompson 1992), but 78% of its land area is currently used for 
intensive row-crop farming or pasture (Gallant et al. 2011). Remnant forests in this 
landscape tend to be located on land that is too steep, stony or wet to farm, or in urban 
and urbanizing landscapes, often as gallery forests along rivers and streams (Thompson 
1992). Forests in the transition zone between the eastern deciduous forest and the 
tallgrass prairie region are dominated by Quercus alba, Q. macrocarpa, Q. rubra, and Q. 
velutina, Carya ovata, Acer nigrum, Tilia americana and Prunus serotina (Mabry 2004, 
van der Linden and Farrar 2011).  
The herbaceous understory layer is an important component of deciduous forests. 
Forest understory species, which are variously defined, but here refer to non-woody 
vascular plants, provide diversity and contribute to erosion control and nutrient capture 
(Gilliam and Roberts 2003). They are particularly important in nutrient cycling, capturing 
a disproportionate amount of nitrogen and phosphorus relative to their biomass (MacLean 
and Wein 1997). One group of herbaceous plants, spring ephemerals, is critical to 
nutrient capture; they grow when canopy trees are coming out of dormancy, and their 
growth period coincides with the time of maximum leaching from crop fields. These 
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plants take up nutrients, particularly nitrogen and phosphorus, thus decreasing runoff and 
nutrient pollution in streams (Likens et al. 1970, Mabry et al. 2008, Gerken Golay et al. 
2013b). 
However, Iowa’s history of cattle grazing, deer overabundance, nonnative 
earthworms, and heavy recreational use in urban areas have led to the degradation of the 
forest herbaceous layer (Mabry 2002, Rooney et al. 2004, Andrés-Abellán et al. 2005, 
Nuzzo et al. 2009, Cameron et al. 2015). Currently, many forests in Iowa have 
understories composed of generalist or invasive species or bare ground (Mabry 2002, 
Gerken Golay et al. 2013a). The functional importance of perennial herbaceous species 
and their relative scarcity in Iowa forests make them a strong candidate for potential 
restoration. However, few restorations of forest herbaceous plants have been attempted in 
Iowa (but see Mottl et al. 2006, Gerken Golay et al. 2013a).  
 Natural reestablishment of the herbaceous layer is partially limited by lack of seed 
in the forest seed bank and/or limited seed dispersal. Many primary and secondary 
woodlands (abandoned farmlands or logged areas) may be partially recolonized via 
natural processes. However, since many herbaceous species do not persist in the forest 
seed bank, populations may not return with the cessation of disturbance (Pickett and 
McDonnell 1989). They are also unlikely to colonize new sites (Matlack 1994, 
McLachlan and Bazely 2001) because they disperse over only limited distances, up to a 
few meters (Willson 1993, Cain et al. 1998). The most restricted woodland species 
produce few, heavy seeds, which limits their ability to reach unoccupied patches (Mabry 
2004). These factors make forest herbaceous species unlikely to colonize new areas, so 
they need to be actively restored (McLachlan and Bazely 2001).  
3 
 
 
 
 In addition, perennial herbaceous plants do not restore well from seed. Large, 
fleshy seeds do not dry or store well, and have limited seed production and low 
germination rates (Cullina 2000, Mabry 2004). Perennial herbs are very long-lived, and 
may take years to reach reproductive maturity if planted from seed (Bierzychudek 1982). 
Transplanting seedlings may be the best method (McLachlan and Bazely 2001), with 
some demonstrated long-term success (Mottl et al. 2006). However, there are still 
questions about where and how to obtain seedlings and other plant materials for 
restoration.  
One of the primary debates among restoration researchers and practitioners relates 
to identifying and obtaining genetically and geographically appropriate plant material. 
Genetic differentiation and phenotypic plasticity are two phenomena that influence 
restoration protocols and prevailing opinions on plant material sources. The first, genetic 
or local differentiation, is based on the idea that populations adapt to local conditions 
because they cannot move to escape adverse environments. This process may result in 
development of genetically distinct and locally adapted populations of the same species, 
also known as ecotypes (Linhart and Grant 1996, Joshi et al. 2001, Hufford and Mazer 
2003). 
In contrast, phenotypic plasticity occurs when plants respond to local conditions 
in ways that can mask genetic differentiation. If a plant trait is plastic, a single genotype 
is capable of producing a range of phenotypes in response to different environmental 
conditions (Bradshaw 1965). Plasticity allows plants to respond dynamically to site 
conditions and may prevent genetic differences from being expressed morphologically 
(Schlichting 1986, Sultan 2000). Plasticity gives plants flexibility to survive under 
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seasonal and other short term environmental variation. Plasticity may allow nonlocal 
transplants the flexibility to respond to environments that vary from their home site when 
planted for restoration. Phenotypic plasticity has been widely studied in the theoretical 
literature (e.g., Bradshaw 1965, Bazzaz and Sultan 1987, Sultan 2000, Miner et al. 2005, 
Ghalambor et al. 2007), but there are no empirical studies that address it in the restoration 
literature that we know of. 
My complementary studies investigated the scientific and practical aspects of 
genetic differentiation and phenotypic plasticity for woodland restoration. Specifically, I 
conducted a common garden and a forest field study to investigate genetic differentiation 
and phenotypic plasticity for a set of forest herbaceous layer species that previous 
research has shown to be effective targeted species for restoration based on their beauty, 
high survival rates, high rate of spread once established, and their nutrient holding 
capacity. In addition, I conducted a stakeholder survey to learn about perceptions of and 
use of local ecotype plant materials in the practice of nursery growers and land managers 
who implement restoration. 
Research Questions 
Genetic differentiation and phenotypic plasticity of forest herbaceous layer species 
I sought to address questions about appropriate plant sources for restoration by 
comparing survival, morphological traits and reproductive success of transplanted local 
and nonlocal populations of six forest herbaceous perennial species to determine the 
extent to which genetic differentiation and/or phenotypic plasticity are occurring among 
these plants. The selected species were wild ginger (Asarum canadense), Virginia 
waterleaf (Hydrophyllum virginianum), Virginia blue bells (Mertensia virginica), 
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jumpseed (Polygonum virginianum), bristly buttercup (Ranunculus hispidus) and zigzag 
goldenrod (Solidago flexicaulis). I used a common garden experiment to determine 
whether there were genetically-based differences in vegetative and reproductive traits 
between local and nonlocal populations of these species.  I also conducted a two-year 
field study to test whether those differences were expressed by populations transplanted 
into natural forest ecosystems. Specifically, I explored the following research questions: 
(1) How well do forest understory plants survive and grow when transplanted as bare-
root plants into restoration sites? (2) Are genetic differences expressed morphologically 
between local and non-local populations of woodland herbaceous perennial species? and 
(3) To what degree are those differences obscured by phenotypic plasticity in the field 
under varying seasonal conditions? 
Perceptions of local ecotype use in woodland restoration 
Many scientists and land managers are concerned that using nonlocal plant 
sources could hinder the success of restoration projects, or even harm local populations, 
and recommend using locally-adapted plant material instead (Clewell and Rieger 1997, 
Hufford and Mazer 2003, Bischoff et al. 2010). However, there are challenges associated 
with the use of local ecotype plant material in practice. There is no clear consensus on the 
scale at which genetic differentiation occurs (McKay et al. 2005), and advice varies on 
the maximum distances for obtaining plant material (Saari and Glisson 2012). Native 
plant materials, particularly woodland herbaceous perennials, can be difficult to find in 
sufficient quantities or at an acceptable cost (e.g., Burton and Burton 2002, Ruhren and 
Handel 2003). These factors influence whether protocols generated by science are 
actually used in restoration. Because finding seed and transplant stock sources for native 
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herbaceous species can be difficult, it is critical to examine the supply and demand for 
them, and to consider appropriate source distances for such plants when making 
recommendations for restoration and management. I identified two stakeholder groups 
who influence use of native plants for restoration: conservation professionals who use 
native plant materials for restoration projects and nursery professionals who supply plant 
materials. I developed and administered two versions of an online survey with specific 
queries to each group to examine supply of and demand for forest herbaceous species, 
and to learn about the stakeholders’ perceptions of the appropriateness of local ecotypes 
in restoration. I explored the following research questions: (1) Are there differences 
between conservation professionals’ demand for and nursery professionals’ available 
supply of different plant materials? (2) Are there differences among these stakeholder 
groups in their perceptions of restoration techniques, local ecotypes, and source-certified 
plant material? and (3) What are the primary sources of information used by conservation 
and nursery professionals to learn about local ecotypes? 
Thesis Organization 
The stated objectives of this thesis project are addressed in the following sections: 
Chapter 1 is a general introduction; Chapter 2 is a manuscript entitled “Genetic 
differentiation and phenotypic plasticity of forest herbaceous layer species useful for 
restoration;” Chapter 3 is a manuscript entitled “Conservation and nursery professionals’ 
perceptions of local ecotype use in woodland restoration;” and Chapter 4 is a general 
conclusion.  
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CHAPTER 2: GENETIC DIFFERENTIATION AND PHENOTYPIC 
PLASTICITY OF HERBACEOUS LAYER SPECIES USEFUL FOR FOREST 
RESTORATION 
A paper to be submitted to Restoration Ecology 
Emily A. Altrichter, Catherine M. Mabry, and Janette R. Thompson 
Department of Natural Resource Ecology and Management, Iowa State University, 
Ames, IA 50011 
 
Abstract 
The forest herbaceous layer provides important ecosystem services related to 
biodiversity, nutrient capture, and soil stabilization. In central Iowa, United States, human 
impacts on forests have led to widespread decline of some native herbaceous perennial 
species, particularly forest specialists, and their replacement by generalist species. Forest 
restoration focused on the herbaceous layer is uncommon in Iowa, so best practices have 
not yet been established. Significant debate has developed over appropriate plant sources 
for restoration. There are often genetic differences between geographically distant 
populations of the same species, and scientists and land managers are concerned that 
transplanting individuals for restoration may lead to negative outcomes. However, few 
local sources are available for most native species, which means that many species must 
be obtained from nonlocal collection zones. Our study examined genetic variability and 
phenotypic plasticity of local and nonlocal populations of six herbaceous perennial 
understory species: wild ginger (Asarum canadense), Virginia waterleaf (Hydrophyllum 
virginianum), bluebells (Mertensia virginica), jumpseed (Polygonum virginianum), 
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bristly buttercup (Ranunculus hispidus), and zigzag goldenrod (Solidago flexicaulis). We 
used a common garden study to test for genetic variation and a field study to test for 
phenotypic plasticity. We measured both vegetative (leaf size, leaf number, height) and 
reproductive (flower number, seed number, seed weight) traits. Our data indicate that 
there are genetic differences between local and nonlocal populations for each species, and 
that trait differences observed in greenhouse trials were also detected in the field. In 
general, differences between populations occurred for vegetative rather than reproductive 
traits, and nonlocal plants were larger than local plants. There was evidence that 
phenotypic plasticity played a role in morphology of the local and nonlocal populations 
in the field over time. These results suggest that restoration and transplant success of 
perennial herbaceous species may depend upon an interaction between genetic variation 
and plasticity. 
Introduction 
 The forest herbaceous layer is a critical component of functional and diverse 
forest ecosystems. The herbaceous layer is composed of vascular plants less than one 
meter tall that grow in the lowest layer of the forest understory (Gilliam 2007). These 
plants hold soil, capture nutrients, and provide groundcover. The classic Hubbard Brook 
experiments in central New Hampshire emphasized the importance of the understory 
layer and introduced the vernal dam hypothesis, which suggests that spring-growing 
understory plants take up significant quantities of nutrients, particularly nitrogen and 
phosphorus, thus decreasing nutrient pollution in streams early in the growing season 
(Muller & Bormann 1976). A number of studies since that time (e.g., Blank et al. 1980, 
Peterson & Rolfe 1982; Gerken Golay et al. 2013b) have confirmed the vernal dam 
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hypothesis, although a few researchers have questioned it (Jandl et al. 1997; Rothstein 
2000). In addition to investigations of the role of spring-growing species, a more limited 
number of studies have examined the role of herbaceous perennials in nutrient capture 
across the growing season (e.g., Tremblay & Larocque 2001; Gerken Golay et al. 2013b). 
Our study area, central Iowa, is located at the transition zone between the eastern 
deciduous forest that characterizes the Northeast and Midwestern United States, and the 
tallgrass prairie region (Mabry 2004). The modern forest community in Iowa is 
dominated by Quercus alba, Q. macrocarpa, Q. rubra, and Q. velutina, Carya ovata, 
Acer nigrum, Tilia americana and Prunus serotina (van der Linden & Farrar 2011). The 
landscape of Iowa was historically a mosaic of tallgrass prairie, prairie pothole wetlands, 
and upland and riparian forests, but much of Iowa’s arable land has been converted to 
agriculture (Mabry 2004): 78% of its land area is used for intensive row-crop farming or 
pasture (Gallant et al. 2011). Remnant forests in this landscape tend to be located on land 
that is too steep, stony or wet to farm, or in urban landscapes, often as gallery forests 
along rivers and streams (Thompson 1992).  
Many forests have been disturbed by human activities such as cattle grazing, deer 
overabundance, nonnative earth worms,  nonnative plant introductions, and heavy 
recreational use in urban and suburban areas (e.g., Gibson et al. 2000; Mabry 2002; 
Rooney et al. 2004; Andrés-Abellán et al. 2005; Nuzzo et al. 2009; Cameron et al. 2015). 
Forests in Iowa that have been subjected to these forms of disturbance have fewer native 
herbaceous species than are present in preserved forests, and instead have understories 
composed of bare ground or herbaceous plant communities dominated by generalist and 
invasive species (Mabry 2002; Gerken et al. 2010; Gerken Golay et al. 2013b). Thus, to 
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enhance diversity and nutrient capture, the forest understory layer is a strong candidate 
for restoration in Iowa, but there are many questions about best practices for doing so. 
One of the primary debates in restoration relates to identifying and obtaining 
genetically and geographically appropriate plant material. Genetic differentiation and 
phenotypic plasticity are two phenomena that influence restoration protocols and 
prevailing opinions on plant material sources. The first, genetic or local differentiation, is 
based on the idea that populations adapt to local conditions because they cannot move to 
escape adverse environments. This process may result in development of genetically 
distinct populations of the same species, e.g., ecotypes (Linhart & Grant 1996; Joshi et al. 
2001; Hufford & Mazer 2003). 
Phenotypic plasticity occurs when plants respond to local conditions in ways that 
can mask genetic differentiation. If a plant trait is plastic, a single genotype is capable of 
producing a range of phenotypes in response to different environmental conditions 
(Bradshaw 1965). Plasticity allows plants to respond dynamically to site conditions and 
may prevent genetic differences from being expressed morphologically (Schlichting 
1986; Sultan 2000). It gives plants more flexibility to survive under varying 
environmental conditions, which may affect how successfully nonlocal transplants 
respond when planted for restoration. Phenotypic plasticity has been widely studied in the 
theoretical literature, but there are few empirical studies that address it in the restoration 
literature. 
Our study sought to address questions about appropriate plant sources for 
restoration by comparing survival, morphological traits and reproductive success of 
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transplanted local and nonlocal populations of six forest herbaceous perennial species to 
determine the extent to which genetic differentiation and/or phenotypic plasticity are 
occurring among these plants. We used a common garden experiment to determine 
whether there were genetically-based differences in vegetative and reproductive traits 
between local and nonlocal populations of these species.  We also conducted a two-
season field study to test whether those differences were expressed when populations 
were transplanted into natural forest ecosystems. Specifically, we explored the following 
research questions: (1) How well do forest understory plants survive and grow when 
transplanted as bare-root plants into restoration sites? (2) Are genetic differences 
expressed morphologically between local and nonlocal populations of woodland 
herbaceous perennial species? and (3) To what degree are those differences obscured by 
phenotypic plasticity? 
Methods 
Species selection, transplant sources and collection 
We chose to study six herbaceous perennial species: wild ginger (Asarum 
canadense), Virginia waterleaf (Hydrophyllum virginianum), Virginia bluebells 
(Mertensia virginica), jumpseed (Polygonum virginianum), bristly buttercup (Ranunculus 
hispidus) and zigzag goldenrod (Solidago flexicaulis). We selected ginger and Virginia 
waterleaf because a previous pilot study suggested that they exhibit both genetic 
differentiation and plastic responses to variation in the field (Gerken et al. 2010). We 
chose the remaining four species due to their high potential for production of biomass 
(and therefore nutrient capture, Mabry et al. 2008) as well as phenological growth 
patterns that span the growing season.  
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Plants in local populations were collected from four sites on both public and 
private land in Story and Boone counties in central Iowa. The average annual temperature 
in this area is approximately 9.7°C, and average annual precipitation is 90.9 cm. Nonlocal 
plants were collected from populations in Yellow River State Forest (YRSF), Allamakee 
County, Iowa, approximately 240 km away from central Iowa field sites. The average 
annual temperature for YRSF is 7.5°C, with average annual precipitation of 91.7 cm. We 
excavated individual plants of each species shortly after plant shoots emerged in late 
April to early May, 2014 (Table 1).  
The timing of collection was carefully monitored to ensure that plant material 
from both populations was uniform in size at the time of collection. We assessed the 
average size of individuals in each population that we collected from and chose plants 
within that range. For example, when we collected Virginia waterleaf, we chose plants 
with 3-5 leaves in both source populations, and selected plants of average size, avoiding 
larger or smaller individuals. We carefully excavated individual plants to obtain intact 
root systems, wrapped the roots in wet paper towels, placed them in plastic bags and 
transported them to the greenhouse/field sites in coolers. Plants were cold-stored for up to 
four days until we planted them in the greenhouse and at field sites. 
Greenhouse study 
 For the greenhouse study, we planted 16 local and 16 nonlocal plants for a total of 
32 plants of each species in 15.2-cm diameter pots using Sunshine LCI mix growing 
medium. The pots were placed on benches, randomized, and rotated regularly to prevent 
bench effects. Plants were watered twice per day and sprayed for pests as needed. Plant 
development was monitored from April/May to October, 2014. 
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Field study 
 We selected three urban forest areas in Ames, Iowa that were relatively free of 
invasive species and had few or none of the study species already present to establish 
plots for our field study. The three forest areas ranged in size from 16 to 183 ha.  Two of 
the sites were in the City of Ames Parks system, and the third site is under the jurisdiction 
of the Ames YWCA and Iowa State University.  Although all three sites are managed to 
provide public areas for passive recreation, there is no recent history of silvicultural 
management of forest vegetation.  All three sites were embedded in a landscape matrix 
dominated by low-density single-family home residential land use. 
We planted a total of 20 local and 20 nonlocal individuals of each species at each 
of the three sites. Four individuals of each species and population were planted in five 12-
quadrat plots (Figure 1) that were distributed throughout each forest so that plots could be 
considered independent of each other (approximately 50 m between plots). The corner of 
each plot was marked with a plastic survey stake, and GPS coordinates were taken at 
each plot location. Each plant was individually marked with flagging to ensure that we 
measured the same plant each year. We watered them once at the time of planting to 
establish soil-root contact. Existing vegetation (other than individuals of the study species 
which were removed if present) was left in the field plots to mimic natural competitive 
conditions.  
Data collection and analysis 
For plants in both the greenhouse and field plantings, we measured a set of 
vegetative and reproductive characteristics which varied somewhat according to species 
(Table 2). We chose vegetative and reproductive plant characteristics that would be 
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important for establishment and future colonization of a forest site by each species (e.g., 
Gerken Golay et al. 2013a). Vegetative traits like stem diameter, leaf size and tiller 
number indicate vegetative vigor and ability to take up space and resources, while 
reproductive traits like flower number and seed number indicate the potential to spread 
and establish a new population.  
We used 95% confidence intervals to test for differences in measured 
characteristics between the local and nonlocal plants of each species. The location of the 
source population was the independent variable, and vegetative and reproductive traits 
were analyzed individually as response variables. The three field sites were treated as 
blocks, and plots were sufficiently spaced to be independent. No transformations were 
made to the data. Statistical analyses were conducted using Data Desk Version 7 (Data 
Description, Inc., Ithaca, New York). 
Results 
Greenhouse study 
Bare-root plants from both local and nonlocal populations had very high survival 
rates (88-100%) in the greenhouse experiment (Table 3).  Nonlocal ginger plants had 
greater stem diameter and leaf area than the local plants. Local waterleaf had more leaves 
than the nonlocal plants. Local bluebells had more leaves and flowers than nonlocal 
plants, while the nonlocal plants had larger leaf area. Local jumpseed plants were 
characterized by greater height and leaf area compared to nonlocal plants. Nonlocal 
buttercup had more leaves and flowers than the local population. Nonlocal goldenrod had 
greater height, stem diameter, leaf number, leaf area, and average number of flowers per 
seedhead than did local plants (Table 4). Across all species, we observed more 
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differences between vegetative than reproductive traits between source populations 
(Table 4). 
Field study 
 Average survival rates were 78%  for local seedlings and 81% for nonlocal plants.  
Among individual species, survival rates generally varied between 72% and 92% for 
local plants (the lowest survival rate, zigzag goldenrod at 40%, was due to late-season 
flood damage in 2015 on one set of field plots), and between 70% and 97% for nonlocal 
plants (Table 3). We also noted recruitment (establishment of new plants) in the second 
field season for wild ginger, bristly buttercup, and zigzag goldenrod.  
 In 2014, nonlocal ginger plants had greater stem diameter, leaf area, and fruit 
number (Table 5). In 2015, differences were only detected statistically for stem diameter, 
with nonlocal plants having larger stem diameters (Table 6). Local waterleaf had more 
flowers and leaves in 2014, and in 2015 the local waterleaf had more flowers than the 
nonlocal population. Local bluebells measured in 2014 had larger heights, leaf numbers 
and flower numbers, while nonlocal plants had larger leaf areas. In 2015, local bluebells 
had more flowers, while the nonlocal plants had larger leaf areas and stem diameters. 
Local jumpseed had more leaves than nonlocal in 2014, and in 2015, local jumpseed had 
more leaves but smaller leaf areas than nonlocal plants. In 2014, nonlocal buttercup had 
more leaves, flowers and seeds than the local population. In 2015, there were no 
detectable differences between local and nonlocal buttercup populations. Nonlocal zigzag 
goldenrod had larger heights, leaf numbers and leaf areas in 2014, but in 2015, there were 
no detectable differences between populations for any traits. We found more differences 
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between populations for vegetative than for reproductive traits in both field and 
greenhouse trials. 
Discussion 
In this study, we evaluated survival, genetic differentiation, and phenotypic 
plasticity for local and nonlocal populations of six forest herbaceous species. We 
observed high survival rates in the common garden and field study for both populations. 
Based on previous studies (e.g., Gerken Golay 2013a), we expected to find genetic 
differences expressed morphologically between the two source populations for some of 
the six study species. Each species had at least three traits with genetically based 
differences. On average, half of all traits measured showed differences between 
populations.  We also detected phenotypic plasticity in at least one trait for all study 
species. The data indicate that both local and nonlocal bare root transplant stock can be 
successfully established in restoration sites, although further monitoring is needed to 
evaluate long-term survival and performance.  
High survival rates indicate that local and nonlocal populations may be 
successfully established in restoration sites. However, conditions were nearly ideal during 
the two years of our field study; other studies that took place during drought years 
reported lower survival rates (Mottl et al. 2006; Gerken Golay et al. 2013a). Genetically-
based differences between local and nonlocal populations may be most pronounced and 
adaptive under stressful environmental conditions (Gerken Golay et al. 2013a; Kramer et 
al. 2015). Therefore long-term monitoring is needed to test whether populations respond 
differently to the full range of environmental conditions at a site. We plan to continue 
monitoring our restored population to assess the long-term viability of local and nonlocal 
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plants. Other studies have indicated that perennial herbaceous transplants can be 
successful over longer periods (Mottl et al. 2006).  
Despite generally high survival rates, local zigzag goldenrod, which tends grow in 
upland forest habitat, had low survival (40%) when transplanted to a floodplain site. This 
finding suggests that topography and moisture conditions may affect transplant success 
(e.g., Gordon & Rice 1998; Mabry 2005; Bischoff et al. 2006). Planting method may also 
play a role in establishment success. Many herbaceous layer species, including jumpseed 
and zigzag goldenrod, have been successfully established by seed in forest restoration 
sites (Brudvig et al. 2011). However, there are factors that make some herbaceous layer 
species difficult to establish from seed, such as low seed production, slow growth, and 
fleshy seeds that do not store well (Cullina 2000). In these cases, restoring viable 
populations via seed may not be feasible. Transplanting may be the best establishment 
method for some species (McLachlan and Bazely 2001; Gerken Golay et al. 2013a). 
Once established, ginger, bristly buttercup and zigzag goldenrod all reproduce clonally, 
via rhizomes or tillers, allowing them to spread even though they are not prolific seed 
producers. The high survival rates for all six study species and clonal spread of two 
indicate that transplanting is an effective method for establishment on restoration sites. 
There were genetically-based differences between populations for at least three 
traits of each species. In some cases, trait differences between populations were observed 
in the common garden study in 2014 and the field study in 2014 and 2015. For example, 
nonlocal ginger consistently had greater stem diameter in the greenhouse and field. This 
indicates that there is a genetic basis to differences in this trait and no evidence of 
phenotypic plasticity. Similarly, local bluebells produced more flowers in the greenhouse 
22 
 
 
 
in 2014 and in the field in 2014 and 2015. We found more population differences for 
vegetative than reproductive traits, which is consistent with other studies (Bischoff et al. 
2010). However, this observation may be due to greater within-population variation for 
reproductive traits, which led to larger confidence intervals.  
We also found that local plants did not necessarily outperform nonlocal plants in 
fitness-related traits, which has been demonstrated in several other studies (e.g., Joshi et 
al. 2001; Bischoff et al. 2006; Bischoff et al. 2010; Carter & Blair 2013; Fonseca et al. 
2014). For ginger, buttercup, and goldenrod, nonlocal plants outperformed local 
populations (for traits such as stem diameter, height, leaf number, leaf area, and fruit, 
flower  or seed number), which may lead to concerns about genetic swamping if nonlocal 
transplants are added to an established local population. Conversely, local populations of 
waterleaf, bluebells and jumpseed outperformed the nonlocal populations (for traits such 
as height, leaf number, and flower number). If poorly adapted nonlocal plants are 
established among an existing population, the two populations could hybridize and lower 
the overall population viability (outbreeding depression) (e.g, Millar & Libby 1989; 
Hufford & Mazer 2003).   
While some trait differences were detected over the two-year field study, many of 
those differences disappeared in at least one sample year (2014 or 2015), which suggests 
that plants were also responding plastically to environmental variation. All six species in 
our study demonstrated plasticity for at least one trait, which is consistent with an earlier 
study that included ginger and waterleaf (Gerken Golay et al. 2013a). Buttercup and 
goldenrod appeared to be the most flexible; all trait differences detected in the common 
garden study had disappeared by the second field season. This was especially striking for 
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goldenrod, where nonlocal plants in the common garden study had larger values for 
height, stem diameter, leaf number, leaf area, and average number of flowers per 
seedhead, but no trait differences were detected in the field in 2015 (Tables 5 and 6). 
Bluebells, on the other hand, were less flexible. Nonlocal bluebells had consistently 
larger leaves and fewer flowers than the nonlocal species. We expect to conduct further 
monitoring to test whether local and nonlocal populations remain distinct, or whether 
more traits will respond plastically over time.  
 Many scientists and land managers acknowledge the difficulty of delineating 
appropriate collection zones for restoration projects (e.g., Millar & Libby 1989; McKay 
et al. 2005; Saari & Glisson 2012; Herman et al. 2014). There are concerns that planting 
nonlocal stock may result in failed restoration projects if transplants do not survive, or 
that nonlocal stock will compromise the genetic integrity of populations (if they exist) 
already present on the restoration site via genetic swamping or outbreeding depression 
(Millar & Libby 1989; Hufford & Mazer 2003; Selbo & Snow 2005). Unfortunately, 
there are a limited number of nurseries that supply native perennial forest herbaceous 
layer species, which may make obtaining plant material for restoration inconvenient and 
expensive (Kaye 2001; Burton & Burton 2002). As a result, plant stock or seeds are often 
transplanted across greater distances than might otherwise be desirable.  
 Some scientists acknowledge the logistical constraints of limited nursery options 
and look for ways to obtain high-quality and diverse locally-sourced seeds (Burton & 
Burton 2002; Houseal & Smith 2000). Others suggest that assessing restoration goals and 
site conditions may help land managers to make decisions about appropriate plant 
sources. In some cases, individuals or organizations performing a restoration project may 
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wish to maintain the natural genetic structure of an existing population, but success could 
alternatively be defined as the establishment of a reproductively viable and self-
sustaining native plant community (McKay et al. 2005). For example, if a project seeks to 
add diversity to a high-quality remnant site, using very local sources may be best. On the 
other hand, on a highly degraded site with bare soil or dominated by invasive species, 
relaxing distances or plant acquisition guidelines may allow restorationists to improve 
ecological function and native plant diversity with more convenience and possibly at a 
lower cost (Jones & Monaco 2007, Herman et al. 2014).  
There are some limitations to our study that restrict our ability to make broad 
restoration recommendations. We only measured study plants over two field seasons; 
longer-term monitoring is planned to test whether observed genetic differences are 
maintained over time, or whether plasticity will obscure those differences. Long-term 
observation is also needed to assess survival of local and nonlocal transplants. One long-
term study found that morphological differences could still be detected between local and 
nonlocal populations of big bluestem (Andropogon gerardii) 22 years after the nonlocal 
population was planted on a restoration site (Gustafson et al. 2001). More long-term 
studies are needed to assess whether this is the norm, or whether phenotypic plasticity 
obscures genetic differences over time. 
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Table 1. Plant collection and transplanting dates in April and May, 2014, for local and nonlocal plants included in greenhouse and 
field planting components of this study. 
 Local Nonlocal 
 Collected Transplanted Collected Transplanted 
Wild ginger May 2 May 5-6 April 25 April 27-28 
Virginia waterleaf April 19 April 21-22 April 25 April 27-28 
Virginia bluebells April 26 April 29-30 April 25 April 27-28 
Jumpseed May 19 May 20-21 May 19 May 20-21 
Bristly buttercup May 2 May 5-6 April 25 April 27-28 
Zigzag goldenrod May 2 May 5-6 April 25 April 27-28 
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Table 2. Summary of variables. Traits measured for each species to evaluate genotypic differentiation and phenotypic plasticity for six 
perennial herbaceous species. 
 Wild ginger Virginia 
waterleaf 
Virginia 
bluebells 
Jumpseed Bristly 
buttercup 
Zigzag 
goldenrod 
Height   X X  X 
Stem Diameter X  X X  X 
Leaf Number X X X X X X 
Leaf Area X X X X  X 
Branch Number    X   
Tiller Number     X  
Flower/Fruit 
Number X X X X X X 
Seed Number X X X X X  
Seed Weight X X X X X  
Inflorescence 
Number    X   
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Table 3. Percent survival of local and nonlocal transplants of six species included in this study grown in the Iowa State University 
Forestry Greenhouse (measured in 2014) and at three forest field sites (measured in 2015) in Ames, Iowa. 
 Greenhouse Field Sites 
Species Local Nonlocal Local Nonlocal 
Wild ginger 88% 100% 72% 70% 
Virginia waterleaf 100% 100% 85% 97% 
Virginia bluebells 100% 100% 83% 92% 
Jumpseed 100% 100% 92% 80% 
Bristly buttercup 100% 100% 82% 73% 
Zigzag goldenrod 94% 100% 40% 78% 
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Table 4. Means and 95% confidence intervals describing traits measured for six perennial herbaceous understory species transplanted 
to the State University Forestry Greenhouse in Ames, Iowa, in 2014. Asterisks indicate differences in traits between local and nonlocal 
plants. 
 
Local Mean 95% CI Nonlocal Mean 95% CI 
Wild ginger         
Stem diameter (cm)* 0.35 0.03 0.45 0.04 
Leaf number 2.0 0.00 2.0 0.19 
Leaf area (cm2)* 148.01 29.68 238.82 42.11 
Fruit number 0.7 0.27 0.8 0.29 
Seed number 3.3 2.40 3.3 4.19 
Seed weight (g) 0.0089 0.00812 0.0103 0.01184 
     
Virginia waterleaf         
Leaf number* 8.7 1.43 6.1 0.88 
Leaf area (cm2) 403.08 77.77 599.35 123.08 
Flower number 21.4 9.66 10.7 9.60 
Seed number 7.6 4.76 4.6 4.52 
Seed weight (g) 0.0032 0.00268 0.0102 0.01042 
     
Virginia bluebells         
Height (cm) 21.7 2.8 19.0 2.5 
Stem diameter (cm) 0.41 0.05 0.35 0.06 
Leaf number* 20.1 4.65 5.7 2.38 
Leaf area (cm2)* 36.07 11.78 62.43 13.35 
Flower number* 29.8 10.37 4.1 4.85 
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Table 4. (continued) 
 
Local Mean 95% CI Nonlocal Mean 95% CI 
Jumpseed         
Height (cm)* 69.3 5.7 56.2 2.4 
Stem diameter (cm) 0.62 0.07 0.64 0.05 
Leaf number* 48.7 5.46 34.8 3.77 
Leaf area (cm2) 180.47 12.78 206.03 13.45 
Flower number 935.6 99.79 951.9 87.87 
Seed number 654.8 131.36 804.0 132.01 
Seed weight 1.6741 0.29392 1.9525 0.31760 
Branch number 4.6 1.30 5.9 1.07 
Inflorescence number 20.6 2.64 22.1 2.47 
     
Bristly buttercup         
Leaf number* 6.4 0.85 22.2 12.90 
Flower number* 0 0 0.6 0.61 
Seed number 0 0 0.5 0.83 
Tiller number 0 0 2.6 2.65 
     
Zigzag goldenrod         
Height* 44.9 9.1 64.2 8.3 
Stem diameter* 0.31 0.04 0.43 0.04 
Leaf number* 23.9 7.11 50.1 11.37 
Leaf area* 75.79 15.56 105.16 13.76 
Seedhead number 26.7 7.56 19.8 4.04 
Avg. # flowers/seedhead* 27.7 6.87 52.4 11.84 
Estimated reproductive 
output 
774.4 255.09 1109.2 414.28 
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Table 5. Means and 95% confidence intervals describing traits measured for six perennial herbaceous understory species transplanted 
to three forest field sites in Ames, Iowa, in 2014. Asterisks indicate differences in traits between local and nonlocal plants. 
 
Local Mean 95% CI Nonlocal Mean 95% CI 
Wild ginger         
Stem diameter (cm)* 0.31 0.02 0.39 0.01 
Leaf number 1.8 0.11 2.0 0.07 
Leaf area (cm2)* 114.71 14.38 171.27 14.27 
Fruit number* 0.1 0.09 0.4 0.13 
Seed number 0.4 0.52 0.0 0.05 
Seed weight (g) 0.0015 0.00216 0.0000 0.00016 
     
Virginia waterleaf         
Leaf number* 3.4 0.37 2.2 0.34 
Leaf area (cm2) 149.68 16.47 162.82 20.67 
Flower number* 18.1 3.56 6.4 3.23 
Seed number 2.9 1.10 1.0 0.83 
Seed weight (g) 0.0035 0.00183 0.0010 0.00081 
     
Virginia bluebells         
Height (cm)* 19.7 1.4 16.8 0.3 
Stem diameter (cm) 0.38 0.03 0.40 0.03 
Leaf number* 11.8 2.25 6.0 1.11 
Leaf area (cm2)* 14.38 2.54 30.16 3.70 
Flower number* 24.7 5.37 3.6 1.91 
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Table 5. (continued) 
 
Local Mean 95% CI Nonlocal Mean 95% CI 
Jumpseed         
Height (cm) 28.0 3.2 34.1 5.3 
Stem diameter (cm) 0.25 0.03 0.27 0.02 
Leaf number* 8.7 0.49 7.0 0.44 
Leaf area (cm2) 65.46 8.97 85.30 11.56 
Flower number 7.0 3.29 11.0 5.84 
Seed number 5.7 3.14 10.2 5.80 
Seed weight 0.0115 0.00608 0.0194 0.01064 
Branch number 0.0 0.0 0.0 0.0 
Inflorescence number 0.4 0.16 0.4 0.21 
     
Bristly buttercup         
Leaf number* 3.9 0.84 6.3 1.18 
Flower number* 0.2 0.11 0.6 0.30 
Seed number* 0.2 0.31 3.7 2.56 
Tiller Number 0.3 0.19 0.6 0.34 
     
Zigzag goldenrod         
Height* 19.1 2.6 27.7 3.1 
Stem diameter 0.21 0.02 0.23 0.01 
Leaf number* 5.4 0.61 7.8 0.98 
Leaf area* 31.33 4.80 48.45 5.45 
Seedhead number 0.2 0.22 0.3 0.36 
Avg. # flowers/seedhead 0.5 0.48 0.4 0.40 
Estimated reproductive 
output 
1.3 1.65 1.9 2.49 
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Table 6. Means and 95% confidence intervals describing traits measured for six perennial herbaceous understory species transplanted 
to three forest field sites in Ames, Iowa, in 2015. Asterisks indicate differences in traits between local and nonlocal plants. 
 
Local Mean 95% CI Nonlocal Mean 95% CI 
Wild ginger         
Stem diameter (cm)* 0.29 0.02 0.36 0.02 
Leaf number 2.6 0.26 3.1 0.41 
Leaf area (cm2) 117.45 23.98 154.49 31.96 
Fruit number 0.8 0.22 0.9 0.25 
Seed number 14.4 4.56 17.9 6.30 
Seed weight (g) 0.0292 0.01192 0.0501 0.03452 
     
Virginia waterleaf         
Leaf number 4.4 0.83 3.5 0.54 
Leaf area (cm2) 310.40 49.08 314.46 65.12 
Flower number* 11.6 6.05 0.7 1.31 
Seed number 3.8 2.72 0.7 1.31 
Seed weight (g) 0.0029 0.00215 0.0014 0.00285 
     
Virginia bluebells         
Height (cm) 6.5 1.0 6.2 0.6 
Stem diameter (cm)* 0.27 0.03 0.40 0.05 
Leaf number 8.0 1.53 6.7 0.91 
Leaf area (cm2)* 18.1 3.72 31.6 4.73 
Flower number* 9.5 4.83 0.4 0.77 
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Table 6. (continued) 
 
Local Mean 95% CI Nonlocal Mean 95% CI 
Jumpseed         
Height (cm) 28.2 2.9 30.5 3.9 
Stem diameter (cm) 0.27 0.03 0.28 0.02 
Leaf number* 6.8 0.79 5.3 0.60 
Leaf area (cm2)* 44.32 6.26 62.97 10.81 
Flower number 5.1 4.35 10.3 5.77 
Seed number 4.8 4.90 11.3 6.61 
Seed weight 0.0058 0.00660 0.0148 0.00991 
Branch number 0.1 0.06 0.0 0.04 
Inflorescence number 0.3 0.21 0.5 0.21 
     
Bristly buttercup         
Leaf number 6.5 1.86 6.8 1.83 
Flower number 0.2 0.17 0.5 0.32 
Seed number 2.0 2.34 2.9 2.77 
Tiller Number 0.7 0.52 0.8 0.48 
     
Zigzag goldenrod         
Height 25.3 4.4 27.9 3.4 
Stem diameter 0.22 0.04 0.24 0.03 
Leaf number 7.3 1.62 6.6 1.26 
Leaf area 37.85 9.90 38.31 6.75 
Seedhead number 0.1 0.10 0.1 0.22 
Avg. # flowers/seedhead 0.9 1.24 0.6 0.72 
Estimated reproductive 
output 
0.9 1.24 1.5 2.41 
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Table 7:  Summary of preliminary evidence for genetic differences and/or plastic responses by six perennial herbaceous understory 
species included in this study. 
Species 
Vegetative growth Reproductive growth 
Evidence for genetic 
variation Evidence for plasticity 
Evidence for genetic 
variation Evidence for plasticity 
Wild ginger Stem diameter, leaf area Leaf area Not detected Fruit number 
Virginia waterleaf 
 
Leaf number 
 
Leaf area Not detected Flower number 
Virginia bluebell Leaf number, leaf area Leaf number, stem diameter Flower number Not detected 
Jumpseed Height, leaf number Height Not detected Not detected 
Bristly buttercup Leaf number Leaf number Flower number, seed number 
Flower number, seed 
number 
Zigzag goldenrod Height, stem diameter, leaf number, leaf area 
Height, stem diameter, 
leaf number, leaf area 
Average number of 
flowers per seedhead 
Average number of 
flowers per seedhead 
  
38 
38 
 
 
 
Figure 1. Generalized plot layout for field study.  The first letter represents the genus of each species, and the second 
denotes whether plants in the quadrant are from local or nonlocal population sources. Each quadrant contained four 
plants, for a total of 48 plants per independent plot. Each quadrat was 0.25 m2, and the center line was a 1 m 
walkway to facilitate planting and measurement. 
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Abstract 
The forest herbaceous layer is an important functional element of healthy forest 
systems: it captures nutrients, slows erosion, and adds significant biodiversity. In central 
Iowa, United States, a landscape dominated by intensive agriculture, remnant forests tend 
to be degraded, with understories composed of generalist or invasive species, or in some 
cases bare ground, representing an opportunity for restoration. In this kind of ecosystem 
restoration, many scientists and land managers recommend using local ecotypes, but it is 
unclear whether local ecotypes are actually being used consistently in restoration, or what 
managers should do if local ecotype plant material is not available. We surveyed two 
stakeholder groups, conservation professionals and nursery professionals, to learn if there 
were differences between the two groups in terms of perception, use, or sale of native and 
local ecotype plant material. We found that most nurseries supply ornamental plants 
rather than native plants, and that conservation professionals have been using native plant 
groups, particularly prairie, for longer than nursery professionals have been selling them. 
Conservation professionals have been using woodland herbaceous plants only more 
recently, so there may be an opportunity for nursery growers to supply desired native 
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plant species. Although conservation professionals indicated interest in using local 
ecotype plant material, a small proportion of the individuals or their organizations have 
specific plant source guidelines. We found that members of both groups rely on trusted 
authorities and professional training for information on local ecotypes, representing an 
opportunity to reach both groups to encourage collaboration and create sources of more 
native plant materials. 
Introduction 
Temperate deciduous forests in the northeastern United States provide important 
ecosystem services, including maintenance of air, water, and soil quality, filtering of dust 
particles, storm protection, noise reduction, habitat for maintenance of biological 
diversity, and recreation and aesthetic values (Dobbs et al. 2010). Many of these forests 
are now degraded, but forest restoration and regeneration can enhance the ecosystem 
services provided by degraded natural areas (Chazdon 2008). The forest herbaceous layer 
is a critical component of functional and diverse forest ecosystems: plants in this layer 
slow erosion, capture nutrients, and provide significant biodiversity and important 
groundcover (Gilliam 2007). They contribute a disproportionate amount to forest nutrient 
cycling compared to their biomass (MacLean and Wein 1997). In central Iowa, United 
States, forest degradation has affected ecosystem services provided by forest ecosystems, 
particularly the herbaceous layer. 
The landscape of Iowa was historically a mosaic of tallgrass prairie, prairie 
pothole wetlands, and upland and riparian forests, but much of Iowa’s arable land has 
been converted to agriculture (Mabry 2004): 78% of its land area is used for intensive 
row-crop farming or pasture (Gallant et al. 2011). Remnant forests in this landscape tend 
42 
 
 
 
to be located on land that is too steep, stony or wet to farm, or in urban and urbanizing 
landscapes, often as gallery forests along rivers and streams (Thompson 1992). Forests in 
this transition zone between the eastern deciduous forest that characterizes the Northeast 
and the tallgrass prairie region are dominated by Quercus alba, Q. macrocarpa, Q. rubra, 
and Q. velutina, Carya ovata, Acer nigrum, Tilia americana and Prunus serotina (Mabry 
2004; van der Linden & Farrar 2011).  
Many of Iowa’s remnant and secondary forests have been disturbed by cattle 
grazing, deer overabundance, nonnative earthworms, and heavy recreational use in urban 
areas (Mabry 2002; Rooney et al. 2004; Andrés-Abellán et al. 2005; Nuzzo et al. 2009; 
Cameron et al. 2015). The understory layer is particularly affected by this disturbance, 
and many forests in Iowa have understories composed of generalist or invasive species or 
bare ground (Mabry 2002; Gerken et al. 2010; Gerken Golay et al. 2013). These factors 
make the forest understory layer a strong candidate for restoration in Iowa, but there are 
many questions about best practices for doing so. 
One of the primary challenges to restoring the perennial herbaceous layer is that 
forest understory species are unlikely to naturally recolonize depauperate forested areas. 
Many conservative forest herbaceous species produce small numbers of large, fleshy 
seeds (Bierzychudek 1982; Mabry 2004), which are associated with dense shade 
tolerance and enable seedlings to emerge through thick leaf litter layers. Unfortunately, 
such seeds do not persist in the forest seed bank (Pickett and McDonnell 1989). In 
addition, many herbaceous layer plants disperse over only limited distances, up to a few 
meters (Willson 1993; Cain et al. 1998). Thus, even if secondary forests are near remnant 
forests with intact herbaceous layers, it is unlikely those species will colonize new areas, 
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and this problem is exacerbated if forests are spatially separated (Matlack 1994; 
McLachlan and Bazely 2001). The lack of conservative herbaceous seeds in the seed 
bank and their low dispersal capacity indicates that herbaceous species are unlikely to 
recolonize remnant forests even after cessation of disturbance, or to spread to nearby 
secondary forests. These species will likely have to be planted from seed or transplanted 
to restore them to depauperate remnant or secondary forest understories (McLachlan and 
Bazely 2001).  Appropriate plant and seed sources must be identified before woodland 
herbaceous restoration projects can go forward. 
One phenomenon that informs restoration protocols on appropriate plant material 
sources is genetic differentiation and the idea that plant populations form local ecotypes 
(Bradshaw 1984, Linhart and Grant 1996). Plants adapt to their local conditions because 
they cannot move to escape an adverse environment. Over time, the population at a site 
undergoes natural selection and becomes adapted to a specific set of microclimatic 
conditions (Linhart and Grant 1996). Such populations, or local ecotypes, may be 
genetically distinct and may be less likely to be successful if transplanted into a different 
set of conditions (Linhart and Grant 1996, Joshi et al. 2001, Hufford and Mazer 2003). 
Many scientists and land managers are concerned that using nonlocal plant 
sources could hinder the success of restoration projects, or even harm local populations, 
and recommend using locally-adapted plant material instead (Clewell and Rieger 1997, 
Hufford and Mazer 2003, Bischoff et al. 2010).  Authors from several studies provide 
step-by-step protocols, recommending collecting plant material onsite or from nearby 
natural areas, matching abiotic site conditions, using available genetic information to 
target harvestable plants, and collecting from as many parent plants as possible over long 
44 
 
 
 
time intervals to capture available genetic variation (Millar and Libby 1989, McKay et al. 
2005, Basey et al. 2015). If nearby populations aren’t available for plant material 
collection, researchers recommend that practitioners obtain plant materials from nurseries 
that provide source-certified plants. If that information is not available, it has been 
recommended that practitioners buy plants from several different nurseries when 
purchasing large quantities of material, which would contribute to genetic variation in the 
population that becomes established on a site (Millar and Libby 1989, McKay et al. 2005, 
Jones and Monaco 2007).  
However, there are challenges to using local ecotype plant material in practice. 
There is no clear consensus on the scale at which genetic differentiation occurs (McKay 
et al. 2005), and advice varies on the maximum distances for obtaining plant material 
(Saari and Glisson 2012). This ambiguity may hinder practitioners’ efforts to use local 
ecotype plant material. Additionally, it may be difficult to find nurseries that supply 
desired plant material in sufficient quantities or at an acceptable cost (e.g, Burton and 
Burton 2002, Ruhren and Handel 2003). Many woodland herbaceous species, especially 
spring ephemerals, do not propagate well by seed, which makes them inconvenient to 
cultivate and sell in nurseries (Bierzychudek 1982, Cullina 2000, Mottl et al. 2006). It is 
also possible that the status of the herbaceous layer as an often-overlooked component of 
native forests (e.g., Gilliam 2007) leads to nursery practitioners’ perceptions of low 
demand for these species. The challenges of propagation and the perceived lack of a 
consistent customer base could discourage nursery professionals from providing a variety 
of native herbaceous woodland perennials. Because finding seed and transplant stock 
sources for native herbaceous species can be difficult, it is critical to examine the supply 
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and demand for them, and to consider appropriate source distances for such plants when 
making recommendations for restoration and management. 
We identified two stakeholder groups who influence use of native plants for 
restoration: conservation professionals who use native plant materials for restoration 
projects and nursery professionals who supply plant materials. We used a survey to 
examine supply of and demand for forest herbaceous perennial species and compare their 
knowledge of and attitudes about local ecotypes. We developed and administered two 
versions of an online survey with specific queries to each group regarding their 
perceptions of the appropriateness of local ecotypes in restoration. Specifically, we 
explored the following research questions: (1) Are there differences between 
conservation professionals’ demand for and nursery professionals’ available supply of 
different plant materials? (2) Are there differences among these stakeholder groups in 
their perceptions of restoration techniques, local ecotypes, and source-certified plant 
material? and (3) What are the primary sources of information used by conservation and 
nursery professionals to learn about local ecotypes? 
Methods 
Survey development 
We developed an online survey to compare knowledge of and attitudes about 
native plant materials and restoration practices for each of two stakeholder groups in 
Iowa: conservation professionals and nursery owners/operators. Both surveys and the 
protocols for their administration were reviewed and approved by Institutional Review 
Board of the Office of Responsible Research at Iowa State University (see Appendix C). 
The conservation professionals sample frame was composed of state and county 
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government employees and professionals who work for conservation-based nonprofits. 
This group included personnel associated with the Iowa Department of Natural Resources 
(Park Managers, Rangers, Wildlife Biologists, and District Foresters), representatives 
from Iowa County Conservation Boards, and nonprofits involved in natural resource 
management (The Nature Conservancy, the Iowa Natural Heritage Foundation, and Trees 
Forever) (n = 384). The nursery owner group included all members of the Iowa Nursery 
and Landscape Association. To distribute the conservation professional survey, we 
identified a contact person within each organization and requested that they distribute the 
link to their respective employees. To distribute the nursery professional survey, we 
identified a contact person within the Iowa Nursery and Landscape Association and 
requested that they distribute the link via the INLA member mailing list (n = 210).  
 The survey for conservation professionals had 75 questions. First, survey 
respondents were asked to select their primary group affiliation, to ensure that they were 
classified into the correct sample frame. Conservation professionals were then asked 
questions to clarify their role within their organization, and to indicate the relative 
importance of various tasks such as “Writing management plans” or “Restoring plant 
communities in conservation areas” using a five-point rating scale. We also asked 
questions about where they obtained plant materials for restoration projects, and whether 
they primarily purchased seeds or plants. The next questions gauged how familiar they 
were with various prairie and woodland restoration techniques and their knowledge of the 
ecological and functional value of native plant communities and local ecotypes. We then 
supplied definitions for different types of plant materials (such as native plants, woodland 
herbaceous perennial species, plants grown from source-identified seed) before asking 
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which types of plant materials they used and how long they have been using them. We 
defined local ecotype as a population of plants that originated in a specific area and have 
genetic adaptations to the environment in that area, and source-identified seed as any 
plant material that is known to have originated in a specific place and has undergone an 
origin-certification process. 
Next we asked about their primary sources of information and their perspectives 
on the use of local ecotypes in restoration. We wanted to know whether personal opinions 
or organizational guidelines dictated use of native plants or local ecotypes, so we asked 
whether the survey respondent or their professional organization had guidelines for 
sourcing plant materials for restoration. The final set of questions asked about the 
respondents’ demographic information. 
 The survey for nursery professionals had 78 questions. Survey respondents were 
again asked to identify their primary role. The next set of questions was designed to 
characterize each nursery owner/operators’ specific nursery. We asked respondents to 
rank the relative importance of various nursery activities, such as “landscape design” or 
“sale of plant material” on a five-point rating scale. We then asked a series of questions 
to gauge their familiarity with common restoration techniques and their opinions on the 
importance of restoration. We again provided a common definition for different types of 
plant materials and asked them to estimate the percentage of plant volume they sold in 
those categories, and how long they had been growing those types of plants. We asked 
about their primary information sources about local ecotypes and included a set of 
questions for them to rate the importance of using local ecotype or locally-sourced plants 
in restoration.  
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We were interested in the degree to which customer interest influenced whether 
nurseries provided native plant material, so we asked if customers currently requested 
local ecotype or locally-sourced plant material, and whether the nursery would provide 
those materials if there was high customer demand. Some native herbaceous perennial 
species are difficult to grow from seed, so we asked how long they would try to cultivate 
species that are difficult to grow, and whether high demand or profit potential would 
affect their decision to cultivate those species. We then asked whether the nursery 
currently sold local ecotype or source-certified plant material. If they did, we asked them 
how long they had done so, and their perception of current and future demand for those 
plant materials. If respondents indicated that they did not currently sell source-certified or 
local ecotype plant material, we asked whether they were considering it, and what factors 
would cause them to consider selling those materials. Finally, we asked them a series of 
demographic description questions.   
Survey administration and data analysis 
 We sent out the first surveys with an email cover letter and unique survey link for 
each potential respondent. Links to surveys were first sent in late April and early May, 
2015 and re-sent approximately ten days later (following Dillman 2014). Because the 
initial survey administration was at a particularly busy time for nursery owners and 
operators, we resent the survey link to that group in late September in an effort to 
improve response rates.  
 We administered the survey using Qualtrics Survey Software (Qualtrics LLC., 
Provo, UT). For survey analysis, we included only surveys that were more than 50% 
complete. We used the Qualtrics analytical tool to calculate mean and standard deviations 
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for responses from both populations based on each rating scale. We calculated Tukey’s 
HSD for each pairwise comparison (using JMP Pro 11, SAS Institute, Cary, NC) to test 
whether there were differences in the means between the responses of conservation 
professionals and nursery professionals.  
Results 
Response rates, demographics, and primary responsibilities of respondents 
Messages with a link to the survey were sent to 384 conservation professionals. 
We initially received 179 responses, and included surveys that were more than 50% 
complete in the data analysis, leaving 145 eligible responses and a response rate of 37.8% 
(Table 1). The majority (84%) of respondents were male, with a median age of 46. 
Conservation professional respondents had been working in the conservation industry for 
an average of 21 years, and 91% had a bachelor’s degree or higher. Messages with a link 
to the survey for nursery professionals were sent to 210 individuals. We received 50 total 
surveys, with 38 eligible responses, for a response rate of 18.1%. Again, the majority 
(74%) of respondents were male, with a median age of 54. Nursery respondents also 
tended to be well-educated, with 58% holding a bachelor’s degree or higher. The average 
respondent had been working in the nursery industry for 26 years. 
 All of the survey respondents were from the targeted sample frame. The primary 
responsibilities identified by conservation professionals were maintaining conservation 
areas (89.6 % labeled as “important” or “very important”), implementing management 
plans (83.0%), and restoring plant communities (81.3%). Communicating with 
environmental stakeholders (76.6%), writing management plans (66.2%), ensuring 
compliance with environmental regulations (61.4%), and fundraising (52.8%) were also 
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labeled important. For the nursery professionals, the sale of plant material (85.3%) and 
landscape design (82.4%), installation (79.4%), and consultation (71.9%) were important.  
Supply and demand 
 The next set of questions were structured to allow us to compare conservation 
professionals’ demand for plant material to nursery professionals’ assessments of plant 
availability. Many conservation professional respondents (52.5%) reported a preference 
for buying seed rather than plants (i.e. potted plants, plugs, or bare root plants) for over 
half of the plant material they purchased, and a majority of them (71.1%) purchased less 
than a quarter of their plant material as plants (Table 2). Nursery professionals, on the 
other hand, reported that seeds generally made up less than 10% of their sales volume, 
and the majority of respondents (51.7%) reported that plants comprised over half of their 
sales volume. 
 Many conservation professionals (77.6%) reported using native plant material for 
most of their restoration projects, while a relatively low percentage (9.4%) of nursery 
owners reported focusing their production on native plant material (Table 3).  
Conservation professionals reported using native plants and plant types, including prairie 
and woodland plants, for longer than nursery professionals had been producing them 
(Table 4). A majority of conservation professionals had been using most plant groups for 
more than 10 years, while many nursery professionals indicated that they do not generally 
supply those plant groups. 
Many conservation professionals (80.5%) reported requesting local ecotype plant 
material, while only 30.3% of nursery professionals said that their customers have 
requested it (Table 5). Fewer conservation professionals reported requesting source-
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certified plant material. A majority of conservation professional respondents (67.2%) 
reported they would be willing to pay more for local ecotype plant material, while 58.7% 
reported they would be willing to pay more for source-certified plant material. Nursery 
professional respondents agreed that they would charge more for local ecotype and 
source-certified plant material. Most nursery professionals (63.7%) indicated a 
willingness to obtain local ecotype and source-certified plant material if their customers 
requested it. 
Perceptions of restoration techniques and local ecotypes 
With respect to use of local ecotype/source-certified plant material, both 
stakeholder groups agreed that keeping track of plant material source is important, and 
that local ecotype plant material should be used whenever possible (Table 8). Many 
conservation professionals (44.3%) and nursery professionals (62.6%) agreed that it is 
important to restore native plant communities regardless of plant material source. 
However, conservation professionals (45.8%) were more likely to agree or strongly agree 
that planting nonlocal plant material would be detrimental to an existing plant community 
than were nursery professionals (21.9%). 
Respondents from both stakeholder groups reported familiarity with prairie and 
woodland restoration activities. Conservation professionals were more likely to report 
that they were familiar with species selection and seeding techniques in both prairie and 
woodland restoration, but both groups agreed that they were familiar with stock type 
selection and bare root planting techniques (Table 6). Most conservation professional 
respondents (83.0%) agreed or strongly agreed that they stayed up-to-date on best 
management practices (compared to 52.8% of nursery professionals), and more 
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conservation professionals (85.6%) agreed or strongly agreed that they were 
knowledgeable about local ecotypes compared to nursery professionals (58.3%). 
Respondents from both stakeholder groups reported familiarity with the ecological and 
functional value of native plant communities, but a higher percentage of conservation 
professionals (54.4%) strongly agreed that they were familiar with the ecological value of 
native plant communities than did nursery professionals (27.8%) (Table 7). 
Conservation professionals’ guidelines for obtaining plant material 
 A relatively small proportion of conservation professional respondents (21.5%) 
reported that their organization had specific guidelines for obtaining source-certified or 
local ecotype plant material. Of those, 51.9% reported that the recommended boundaries 
for obtaining plant material for restoration were variable based on biotic and abiotic 
environmental conditions. About half (48.1%) reported that the boundaries were variable 
based on the type of restoration project (high quality remnant, new restoration, urban 
park). Few conservation professionals reported that their agency used county or state 
lines (22.2 and 29.6%, respectively) as the boundaries for sourcing restoration plant 
materials. About a third of respondents (29.6%) reported that their organization used a 
maximum distance from a restoration site as the boundary for obtaining plant material, 
and the distance reported ranged from 80 to160 km. They reported that their 
organizations had been recommending local ecotype plant material for 9 to 35 years, with 
an average of 14 years (n = 19), and source-certified plant material for 3 to 20 years, with 
an average of 10.7 years (n = 10).  
 Some conservation professionals (26.0%) reported having personal preferred 
guidelines for obtaining local ecotype or source-certified plant material. Of these 
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respondents, 57.6% reported that their preferred distance limit for obtaining plant 
material was variable based on the type of restoration project, while 48.5% reported that 
it was variable based on biotic and abiotic conditions. Only 15.2% and 12.1% of 
respondents reported using state or county lines, respectively, as their plant material 
boundary. Of the 30.3% of respondents who preferred to use maximum radius from the 
restoration site, the distance reported ranged from 50 to 160 km. The respondents 
reported that they had been recommending local ecotype plant material for 4 to 30 years, 
with an average of 14 years (n = 29), while they have been recommending source-
certified plant material for 2 to 20 years, with an average of 11 years (n = 19).   
Nursery professionals’ perception of demand 
 When nursery professionals were asked how long they would cultivate species 
that are difficult to grow, a majority (53.3%) reported that they would not try to cultivate 
those species. Only 3.3% of nursery respondents indicated they would try to cultivate a 
difficult species for more than five years. However, if a species was difficult to grow but 
financially valuable, more nursery professionals (40.0%) were willing to try to cultivate it 
for 1 to 4 years, and 10.0% reported they would try to grow the species for more than five 
years. Nursery professionals reported the most willingness to try to grow a difficult 
species if there was high customer demand; 36.7% would still be unwilling to cultivate 
the species, but 13.3% would try to grow the species for more than five years.  
 About a quarter of nursery professionals (23.3%) reported that they supplied local 
ecotype or source-certified plant material. Of those, 83.3% reported that 1 to 5 customers 
per year specifically requested source-certified plant material (n = 6). All respondents 
reported that current demand for local ecotype plant material is variable; 80% of 
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respondents reported that demand is variable but generally increasing, while 20% of 
respondents reported that demand is variable but generally decreasing (n = 5). For source-
certified plant material, most (60%) of respondents reported that demand is variable but 
generally decreasing.  
 Most (76.7%) nursery respondents reported that they do not currently supply local 
ecotype or source-certified plant material (n = 22). Many nursery respondents reported 
that they are not currently considering selling local ecotype (45.5%) or source-certified 
(59%) plant material. About two thirds of nursery professionals (64.2%) agreed or 
strongly agreed that demand for local ecotype plant material is currently low, and an even 
greater proportion (71.8%) agreed or strongly agreed that demand for source-certified 
plant material is low. Most respondents agreed or strongly agreed that they would supply 
local ecotype or source-certified plant material if more customers asked for it (72.7%) or 
if they knew that they could make a profit (77.2%). A majority (54.5%) agreed that 
locating and selling source-certified plant material “is a hassle.” 
Information sources 
When asked what information sources they used, conservation professionals most 
commonly sought trusted authorities (79.3%) or professional training (78.5%). Nursery 
professionals also relied on professional training (56.3%) and trusted authorities (40.6%), 
although they were more likely than conservation professionals to consult University 
Extension personnel (53.1%) and trade journals (37.5%) (Table 9). 
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Discussion 
We found differences between conservation professionals’ demand for and 
nursery professionals’ available supply of native, source-certified and local ecotype plant 
materials. These groups also varied in their perceptions of restoration techniques, local 
ecotypes, and source-certified plant material: conservation professionals reported higher 
interest in and knowledge of native plants and restoration than did nursery professionals. 
Despite conservation professionals’ strong interest in local ecotypes, few conservation 
organizations or professionals reported having specific guidelines for using local 
ecotypes in practice. Both conservation professionals and nursery professionals rely on 
trusted authorities and professional training to learn about local ecotypes, and this may 
provide unique opportunities to communicate with and encourage communication 
between both stakeholder groups. 
Supply and demand 
 Based on survey respondents in each group, we found mismatches between 
conservation professionals’ demand and nursery professionals’ supply for several 
categories related to plant materials (wholesale, retail, online), stock types (e.g., plants vs. 
seeds), native plants (prairie, savanna, woodland), and whether plant materials were local 
ecotype or source certified. Conservation professionals used a high percentage of native 
plants in restoration projects. Conversely, nursery professionals reported that native 
plants made up a very low percentage of their total sales volume. Conservation 
professionals used prairie plants, including grasses and forbs, in their restoration projects, 
and reported using less woodland plant material. Use of woodland herbaceous species in 
restoration and sales volume in nurseries were particularly low. This confirms our 
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observation that native plants, especially woodland herbaceous layer plants, may be 
difficult to locate for restoration projects. Very few nursery professionals reported selling 
plants grown from source-identified seed, which may make it difficult for restoration 
professionals to find local ecotype plant material in commercial nurseries.  
Conservation professionals reported using most groups of native plants (e.g., 
prairie, savanna, woodland) and local ecotype or source-certified plants for longer than 
nursery professionals had been providing them. This may be because nursery 
professionals do not perceive strong demand for local ecotype or source-certified plants; 
many respondents did not agree that their customers had requested local ecotype or 
source-certified plant materials. However, most nursery professionals indicated that they 
would grow local ecotype or source-certified plant materials if there was higher demand. 
While many conservation professionals reported that they had requested local ecotype or 
source-certified plant material, nursery professionals may perceive higher demand if the 
two groups participate in an ongoing conversation, or if conservation organizations can 
order larger quantities of plants to incentivize supply. 
 The time lag between when conservation professionals began using native plants, 
prairie plants, and source-identified seeds and when nursery professionals began 
supplying them suggests that conservation professionals have alternate plant material 
sources, particularly for plants they historically use in prairie restorations. Respondents 
indicated that they obtained plant material for restoration from private dealers who 
specialize in local ecotypes, state nurseries, government agencies, or hand collection. 
Conservation professionals’ long-term use of prairie plants may a result of prairie 
restoration’s long history throughout the Midwest (Allison 2002). Long-term prairie 
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restoration projects and monitoring (e.g. Allison 2002; Kindscher 1998; Jastrow 1987; 
Schramm 1990; Martin 2005; McLachlan 2005) have contributed to a robust set of 
practices and protocols from researchers and practitioners (Packard and Mutel 1997), 
including specific guidelines for collection, storage, and planting (Packard and Mutel 
1997; Mlot 1990). These resources may make it easier for practitioners to initiate prairie 
restoration projects, because they know how to conduct the restoration project and have 
some confidence that the project will be successful. 
Conversely, conservation professionals indicated that they began using woodland 
herbaceous perennials comparatively recently. There are fewer long-term woodland 
restoration studies, particularly for the herbaceous layer (but see Metzger and Schultz 
1984; McLachlan and Bazely 2001; Mottl 2006). Many studies about woodland 
restoration describe passive restoration or woodland recovery rather than active 
restoration projects. As a result, there are fewer manuals, protocols, and institutional 
memory and expertise to guide restoration practitioners (Packard and Mutel 1997; 
Brudvig et al. 2011) Additionally, many conservative woodland herbaceous perennials, 
unlike prairie plants, are difficult to cultivate from seed (Bierzyduchek 1982; Cullina 
2000), and thus require different restoration techniques, such as planting seedlings 
instead of seed (Primack 1996; Ruhren and Handel 2003)  This could provide an 
opportunity for nursery professionals to become involved in restoration practice by 
providing bare root or potted plants. Nursery professionals expressed willingness to 
provide such species given appropriate demand for them. This may be an opportunity for 
restoration professionals to work more specifically with nurseries to request native and 
local ecotype plant material. Conservation organizations may wish to partner with 
58 
 
 
 
specific nurseries to ensure consistent demand for nursery growers while also providing a 
long-term supply of desirable plant materials for restoration. 
Perceptions of restoration techniques and local ecotypes 
 Conservation professional survey respondents indicated greater familiarity with 
native plant communities, best management practices for restoration activities, and use of 
local ecotypes than did nursery professionals, although there were not differences 
between the groups for stock selection and bare root planting techniques. Conservation 
professionals were also more likely to agree or strongly agree with statements about the 
value of natural plant communities and use of local ecotype plant materials. These 
responses indicate that conservation professionals have a strong philosophical connection 
with native ecosystems, which is reinforced by personal preferences for local seed 
sources. 
 While conservation professionals indicated a strong preference for local ecotype 
plant material, particularly in or near high quality remnant plant communities, only about 
a quarter of respondents indicated that they or their organization had specific guidelines 
for obtaining local ecotype plant material. Most organizations and professionals who 
have a preference indicated that plant material source distance should vary based on 
biotic or abiotic conditions. The organizations or professionals who prefer to use a 
maximum distance from the restoration site capped it at a maximum of 160 km. The 
relatively small number of conservation organizations and professionals with specific 
plant acquisition guidelines suggests that personal opinions or convictions may not 
necessarily translate into the direct action of using local ecotypes in restoration projects. 
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It is possible that concerns about using local ecotypes in restoration may represent a 
theoretical rather than practical concern (e.g., van Andel 1998, Cabin 2007).  
 Organizations or nursery professionals who wish to use local ecotype plant 
material may also struggle to create firm guidelines because there is so much debate 
about the scale at which genetic differentiation between populations occurs (McKay et al. 
2005). It has been suggested that pollination mechanisms may affect the scale of genetic 
differentiation (i.e., wind pollinated plants may have more gene flow between 
populations, resulting in less differentiated populations), but that is not necessarily the 
case (Loveless and Hamrick 1984, Kramer et al. 2015). Some studies recommend 
matching biotic or abiotic conditions of source and restoration sites (Millar and Libby 
1989, McKay et al. 2005). The abundance of scientific information on the subject, some 
of it conflicting, may affect organizations’ willingness or ability to create hard guidelines 
for seed sources. 
Information sources 
 Respondents from both stakeholder groups indicated that professional training 
and trusted authorities were their primary sources of information about local ecotypes. 
Professionals facilitating restoration projects could offer workshops that engage both 
groups to encourage discussion and collaboration. This may provide a unique opportunity 
to reach both stakeholder groups and increase communication between them. Such 
workshops could provide a venue to share ideas about native plant propagation and local 
ecotype availability and provide venues for conservation professionals to express demand 
for native plants with nursery professional supplies. 
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Conclusion 
 Conservation and nursery professionals both have the potential to be key players 
in the restoration of native plant material, particularly woodland herbaceous species. The 
unique seedling restoration requirements of the herbaceous layer may be a challenge to 
even experienced restoration professionals. Creating dialogue between conservation and 
nursery professionals could ensure a steady supply of native plant material to restoration 
practitioners, and enough demand for nursery professionals to continue growing them. 
Such collaborations could be key to the restoration of woodland ecosystems, particularly 
the perennial herbaceous layer, and to the recovery of ecosystem services such as nutrient 
uptake and erosion control.  
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Table 1. Survey response rates, demographic and educational attainment by survey respondents representing two stakeholder groups 
in Iowa. 
        Education 
Stakeholder 
group 
Surveys 
administered 
(n) 
Total 
eligible 
responses 
(n) 
Response 
rate (%) M/F 
Median 
age (yr) 
Average 
Iowa 
residence 
time (yr) 
Average time 
working in 
conservation/ 
nursery 
industry (yr) 
Associate's 
degree or 
less (%) 
Bachelor's 
degree or 
more (%) 
Conservation 
professionals 384 145 37.8 111/21 46 39 21 8.3 91.7 
Nursery 
professionals 210 38 18.1 23/8 54 45 26 41.9 58.1 
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Table 2. Stakeholder responses to survey questions on what types of plants stakeholders buy and sell. Means and standard deviations 
(in parentheses following each mean) represent numerical coding of a six-point rating scale. Asterisks indicate significant differences 
between stakeholder group means at p ≤ 0.05 using Tukey’s HSD test. Means are not significantly different unless noted. 
  % of Respondents 
Survey question and group 
Mean (SD) 0 1-9% 10-24% 25-49% 50-74% 
75-
100% 
Approximately what percentage of (CP: plant material obtained for restoration/NP: sales volume of plants) fits the following 
categories? 
Wholesale 
Conservation Professionals (n = 116) 2.6 (1.9) 48.3 12.9 8.6 8.6 7.8 13.8 
Nursery Professionals (n = 33) 2.3 (1.5) 36.4 33.3 15.2 3.0 6.1 6.1 
Retail 
Conservation Professionals (n = 121) 2.8 (1.8)* 37.2 17.4 9.1 11.6 11.6 13.2 
Nursery Professionals (n = 34) 4.6 (1.8) 8.8 14.7 0.0 14.7 8.8 52.9 
Online 
Conservation Professionals (n = 103) 1.5 (1.2) 73.8 13.6 5.8 1.0 1.9 3.9 
Nursery Professionals (n = 30) 1.1 (0.5) 93.3 0.0 6.7 0.0 0.0 0.0 
In-store 
Conservation Professionals (n = 98) 2.0 (1.4)* 55.1 20.4 10.2 5.1 4.1 5.1 
Nursery Professionals (n = 28) 2.8 (2.1) 50.0 10.7 3.6 7.1 7.1 21.4 
Seeds 
Conservation Professionals (n = 122) 4.1 (1.9)* 17.2 9.8 8.2 12.3 12.3 40.2 
Nursery Professionals (n = 29) 1.5 (0.7) 58.6 37.9 0.0 3.4 0.0 0.0 
Plants (potted plants, plugs, bare root plants, etc.) 
Conservation Professionals (n = 121) 2.7 (1.7)* 28.1 28.1 14.9 9.1 8.3 11.6 
Nursery Professionals (n = 29)  4.0 (1.8) 13.8 13.8 10.3 10.3 27.6 24.1 
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Table 3. Stakeholder responses to survey questions on what types of plants stakeholders buy and sell. Means and standard deviations 
(in parentheses following each mean) represent numerical coding of a six-point rating scale. Asterisks indicate significant differences 
between stakeholder group means at p ≤ 0.05 using Tukey’s HSD test. Means are not significantly different unless noted. 
  % of Respondents 
Survey question and group Mean 
(SD) 0 1-9% 10-24% 25-49% 50-74% 
75-
100% 
Approximately what percentage of (plant material for restoration/sales volume of plants) fits the following categories? 
Native plants 
Conservation Professionals (n = 134) 5.1 (1.6)* 9.0 1.5 6.0 6.0 6.7 70.9 
Nursery Professionals (n = 32) 2.7 (1.2) 9.4 46.9 21.9 12.5 6.3 3.1 
Prairie plants 
Conservation Professionals (n = 131) 4.6 (1.7)* 10.7 3.8 11.5 7.6 16.8 49.6 
Nursery Professionals (n = 32) 2.2 (1.0) 15.6 62.5 15.6 3.1 0.0 3.1 
Grasses 
Conservation Professionals (n = 131) 4.2 (1.6)* 9.9 3.8 19.1 20.6 16.8 29.8 
Nursery Professionals (n = 32) 2.5 (1.2) 15.6 34.4 40.6 3.1 0.0 6.3 
Forbs 
Conservation Professionals (n = 130) 4.3 (1.6)* 10.0 2.3 15.4 19.2 23.8 29.2 
Nursery Professionals (n = 29) 1.9 (1.1) 37.9 48.3 3.4 6.9 0.0 3.4 
Woodland species 
Conservation Professionals (n = 131) 3.7 (1.9)* 16.8 16.8 13.7 10.7 16.8 25.2 
Nursery Professionals (n = 31) 2.4 (1.2) 12.9 61.3 16.1 3.2 0.0 6.5 
Woody plants 
Conservation Professionals (n = 128) 3.5 (1.8) 14.1 26.6 10.9 11.7 15.6 21.1 
Nursery Professionals (n = 30) 4.2 (1.4) 6.7 3.3 20.0 23.3 23.3 23.3 
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Table 3. (continued) 
  % of Respondents 
Survey question and group Mean 
(SD) 0 1-9% 10-24% 25-49% 50-74% 
75-
100% 
Woodland herbaceous perennial species 
Conservation Professionals (n = 125) 2.5 (1.7) 38.4 26.4 12.0 4.0 8.0 11.2 
Nursery Professionals (n = 32) 2.4 (1.2) 18.8 53.1 12.5 6.3 9.4 0.0 
Plants grown from source-identified seed  
Conservation Professionals (n = 128) 3.6 (2.0)* 22.7 14.1 9.4 13.3 11.7 28.9 
Nursery Professionals (n = 31) 2.1 (1.6) 58.1 16.1 6.5 3.2 12.9 3.2 
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Table 4. Stakeholder responses to survey questions on how long stakeholders have been buying or selling different types of plants. 
Means and standard deviations (in parentheses following each mean) represent numerical coding of a five-point rating scale. Asterisks 
indicate significant differences between stakeholder group means at p ≤ 0.05 using Tukey’s HSD test. Means are not significantly 
different unless noted. 
    % of Respondents 
Survey question and group Mean (SD) N/A 0-2 years 3-5 years 6-10 years >10 years 
How long you have been (using/selling) the following groups of species? 
Native plants 
Conservation Professionals (n = 134) 4.3 (1.1)* 5.2 3.0 12.7 11.9 67.2 
Nursery Professionals (n = 32) 2.1 (1.7) 65.6 6.3 3.1 0.0 25.0 
Prairie plants 
Conservation Professionals (n = 132) 4.2 (1.2)* 7.6 2.3 13.6 13.6 62.9 
Nursery Professionals (n = 32) 1.9 (1.5) 71.9 3.1 3.1 9.4 12.5 
Grasses 
Conservation Professionals (n = 131) 4.2 (1.2)* 6.9 3.1 13.7 14.5 61.8 
Nursery Professionals (n = 32) 2.0 (1.5) 65.6 6.3 9.4 3.1 15.6 
Forbs 
Conservation Professionals (n = 129) 4.2 (1.2)* 7.8 4.7 13.2 14.7 59.7 
Nursery Professionals (n = 32) 1.6 (1.3) 78.1 3.1 6.3 3.1 9.4 
Woodland species 
Conservation Professionals (n = 132) 3.9 (1.5)* 13.6 9.1 8.3 9.8 59.1 
Nursery Professionals (n = 32) 2.1 (1.6) 65.6 6.3 3.1 6.3 18.8 
Woody plants 
Conservation Professionals (n = 129) 3.9 (1.4)* 10.9 10.1 13.2 9.3 56.6 
Nursery Professionals (n = 31) 2.2 (1.7) 58.1 12.9 3.2 0.0 25.8 
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Table 4. (continued)   
    % of Respondents 
Survey question and group Mean (SD) N/A 0-2 years 3-5 years 6-10 years >10 years 
Woodland herbaceous perennial species 
Conservation Professionals (n = 127) 3.0 (1.7)* 31.5 15.7 11.0 5.5 36.2 
Nursery Professionals (n = 32) 2.1 (1.6) 65.6 6.3 3.1 6.3 18.8 
Plants grown from source-identified seed 
Conservation Professionals (n = 126) 3.5 (1.6)* 19.8 11.1 13.5 11.9 43.7 
Nursery Professionals (n = 31) 1.5 (1.2) 83.9 6.5 0.0 0.0 9.7 
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Table 5. Stakeholder responses to survey questions on demand for local ecotype and source-certified plant materials. Means and 
standard deviations (in parentheses following each mean) represent numerical coding of a five-point rating scale. Asterisks indicate 
significant differences between stakeholder group means at p ≤ 0.05 using Tukey’s HSD test. Means are not significantly different 
unless noted. 
  5-point rating scale (% respondents) 
Survey question and group 
Mean 
(SD) 
Strongly 
disagree Disagree 
Neither 
Agree 
nor 
Disagree Agree 
Strongly 
Agree 
(I/my customers) have requested local ecotype plant material. 
Conservation Professionals (n = 123) 4.1 (0.9)* 0.8 4.9 13.8 43.1 37.4 
Nursery Professionals (n = 33) 2.6 (1.1) 18.2 30.3 21.2 30.3 0.0 
(I/my customers) have requested source-certified plant material. 
Conservation Professionals (n = 116) 3.3 (1.0)* 1.7 21.6 33.6 28.4 14.7 
Nursery Professionals (n =33) 2.4 (0.9) 18.2 36.4 36.4 9.1 0.0 
I (would be willing to pay more/would charge more) for (local ecotype/source-certified) plant material. 
Conservation Professionals (local ecotype) (n = 125) 3.8 (0.9)* 2.4 4.0 26.4 44.0 23.2 
Conservation Professionals (source-certified) (n = 121) 3.5 (1.0) 1.7 14.9 34.7 34.7 14.0 
Nursery Professionals (local ecotype/source-certified) (n = 33) 3.5 (0.9) 3.0 6.1 39.4 42.4 9.1 
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Table 6. Stakeholder responses to survey questions. Means and standard deviations (in parentheses following each mean) represent 
numerical coding of a five-point rating scale. Asterisks indicate significant differences between stakeholder group means at p ≤ 0.05 
using Tukey’s HSD test. Means are not significantly different unless noted. 
  Five-point rating scale (% respondents) 
Survey question and group 
Mean 
(SD) 
Strongly 
disagree Disagree 
Neither 
agree or 
disagree Agree 
Strongly 
Agree 
I am familiar with the ecological value of native plant communities. 
Conservation Professionals (n = 147) 4.5 (0.7)* 0.7 0.7 3.4 40.8 54.4 
Nursery Professionals (n  =  36) 4.2 (0.6) 0.0 0.0 8.3 63.9 27.8 
I am familiar with the functional value of native plant communities. 
Conservation Professionals (n = 147) 4.5 (0.7) 0.7 1.4 2.7 42.9 52.4 
Nursery Professionals (n  =  36) 4.2 (0.5) 0.0 0.0 5.6 69.4 25.0 
I stay up-to-date on changes in best management practices for native plant community restoration. 
Conservation Professionals (n = 147) 4.1 (0.8)* 0.0 4.8 12.2 54.4 28.6 
Nursery Professionals (n  =  36) 3.6 (0.8) 0.0 8.3 38.9 41.7 11.1 
I am knowledgeable about local ecotypes. 
Conservation Professionals (n = 146) 4.2 (0.7)* 0.0 2.1 12.3 53.4 32.2 
Nursery Professionals (n  =  36) 3.6 (0.8) 0.0 11.1 30.6 47.2 11.1 
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Table 7. Stakeholder responses to survey questions on prairie and woodland restoration activities. Means and standard deviations (in 
parentheses following each mean) represent numerical coding of a five-point rating scale. Asterisks indicate significant differences 
between stakeholder group means at p ≤ 0.05 using Tukey’s HSD test.  
  Five-point rating scale (% respondents) 
Survey question and group. 
Mean 
(SD) 
Strongly 
Disagree Disagree 
Neither 
Agree nor 
Disagree Agree 
Strongly 
Agree 
I am familiar with the following prairie restoration activities: 
Species selection 
Conservation Professionals (n = 145) 4.1 (0.8)* 0.0 4.8 11.0 52.4 31.7 
Nursery Professionals (n = 36) 3.5 (0.9) 0.0 16.7 25.0 47.2 11.1 
Stock type selection (seed vs. plant stock) 
Conservation Professionals (n = 145) 3.9 (0.8) 0.0 5.5 24.1 47.6 22.8 
Nursery Professionals (n = 36) 3.5 (0.9) 0.0 16.7 27.8 44.4 11.1 
Seeding techniques 
Conservation Professionals (n = 145) 4.2 (0.7)* 0.0 0.7 11.0 56.6 31.7 
Nursery Professionals (n = 35) 3.5 (0.9) 0.0 17.1 28.6 45.7 8.6 
Bare root planting techniques 
Conservation Professionals (n = 143) 3.7 (0.8) 2.1 11.9 24.5 42.0 19.6 
Nursery Professionals (n = 36) 3.7 (0.8) 0.0 8.3 22.2 58.3 11.1 
I am familiar with the following woodland restoration activities: 
Species selection 
Conservation Professionals (n = 146)  4.0 (0.8)* 0.0 5.5 9.6 61.0 24.0 
Nursery Professionals (n = 36)  3.6 (1.0) 0.0 13.9 27.8 38.9 19.4 
Stock type selection (seed vs. plant stock) 
Conservation Professionals (n = 146) 3.9 (0.8) 0.0 8.2 18.5 52.1 21.2 
Nursery Professionals (n = 36) 3.4 (0.9) 0.0 16.7 36.1 33.3 13.9 
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Table 7. (continued) 
  Five-point rating scale (% respondents) 
Survey question and group. 
Mean 
(SD) 
Strongly 
Disagree Disagree 
Neither 
Agree nor 
Disagree Agree 
Strongly 
Agree 
Seeding techniques 
Conservation Professionals (n = 146) 3.9 (0.8)* 0.0 6.2 19.2 51.4 23.3 
Nursery Professionals (n = 36) 3.4 (1.0) 0.0 22.2 30.6 33.3 13.9 
Bare root planting techniques 
Conservation Professionals (n = 146) 4.0 (0.9) 1.4 6.2 14.4 52.7 25.3 
Nursery Professionals (n = 36) 3.8 (0.8) 0.0 5.6 30.6 44.4 19.4 
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Table 8. Stakeholder responses to survey questions on local ecotype/source-certified plant material in practice. Means and standard 
deviations (in parentheses following each mean) represent numerical coding of a five-point rating scale. Asterisks indicate significant 
differences between stakeholder group means at p ≤ 0.05 using Tukey’s HSD test.  
  5-point rating scale (% respondents) 
Survey question and group. 
Mean 
(SD) 
Strongly 
disagree Disagree 
Neither 
Agree 
nor 
Disagree Agree 
Strongly 
Agree 
I believe that it is important to keep track of where plant material is originally collected. 
Conservation Professionals (n =133) 4.2 (0.8)* 0.0 2.3 14.3 47.4 36.1 
Nursery Professionals (n = 33) 3.8 (1.0) 3.0 6.1 24.2 42.4 24.2 
I think it is appropriate to plant nonlocal-ecotype plant material in an urban garden. 
Conservation Professionals (n = 132) 3.0 (0.8)* 3.0 21.2 50.0 23.5 2.3 
Nursery Professionals (n = 32) 3.6 (0.7) 0.0 6.3 37.5 50.0 6.3 
I believe that native plant communities are a valuable natural resource. 
Conservation Professionals (n = 133) 4.7 (0.6)* 0.0 0.8 2.3 27.1 69.9 
Nursery Professionals (n = 33) 4.3 (0.5) 0.0 0.0 3.0 60.6 36.4 
It is important to restore native plant communities regardless of the plant material source. 
Conservation Professionals (n = 133) 3.3 (1.0) 3.8 22.6 29.3 33.8 10.5 
Nursery Professionals (n = 32) 3.4 (1.1) 9.4 12.5 15.6 56.3 6.3 
I think that the source of plant material for restoration projects is not important. 
Conservation Professionals (n = 133) 2.1 (0.9) 22.6 54.1 16.5 5.3 1.5 
Nursery Professionals (n = 32) 2.4 (1.0) 18.8 43.8 15.6 21.9 0.0 
I believe that those conducting restoration should use only local ecotype plant material when working in/near a high-quality 
remnant plant community. 
Conservation Professionals (n = 133) 4.2 (1.0)* 0.8 5.3 18.8 26.3 48.9 
Nursery Professionals (n = 32) 3.4 (0.8) 0.0 12.5 40.6 43.8 3.1 
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Table 8. (continued) 
  5-point rating scale (% respondents) 
Survey question and group. 
Mean 
(SD) 
Strongly 
disagree Disagree 
Neither 
Agree 
nor 
Disagree Agree 
Strongly 
Agree 
I believe that it is important to use local ecotype plant material whenever possible. 
Conservation Professionals (n = 133) 4.3 (0.7)* 0.8 0.8 7.5 50.4 40.6 
Nursery Professionals (n = 32) 3.8 (1.0) 0.0 12.5 21.9 40.6 25.0 
I think that using non-local plant material would be detrimental to an existing plant community. 
Conservation Professionals (n = 133) 3.5 (0.9)* 1.5 6.0 46.6 32.3 13.5 
Nursery Professionals (n = 32) 2.8 (1.0) 6.3 31.3 40.6 15.6 6.3 
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Table 9. Stakeholder responses to survey questions on sources of information about local ecotypes and source-certified plant material. 
 
Conservation 
professionals  
(%, n = 135) 
Nursery 
professionals  
(%, n = 32) 
What are your primary sources of information about local ecotypes? Please check all that apply. 
Trade journals 9.6 37.5 
University extension office (Iowa State University Horticulture 
or Forestry Extension) 
43.7 53.1 
Scientific literature (Ecological Restoration, Restoration 
Ecology, Ecology, etc.) 
39.3 18.8 
Professional training (workshops, special training) 78.5 56.3 
School coursework (general biology, forestry, botany, 
horticulture, restoration classes) 
35.6 21.9 
Trusted authority (supervisor, colleague, friend, etc.) 79.3 40.6 
I am not familiar with this term 0.7 9.4 
Other (please specify) 8.1 6.3 
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CHAPTER 4: GENERAL CONCLUSIONS 
 The perennial herbaceous layer is critical to forest ecosystem function, yet the 
degraded state of many remnant and secondary forests in Iowa affects their ability to 
provide important ecosystem services. This thesis research examined the scientific and 
social factors that influence restoration of woodland herbaceous species by engaging with 
the ongoing debate about which plant materials are appropriate for restoration. I found 
that local and nonlocal transplants for these six species had high survival rates, and also 
found that there may be genetically-based morphological differences between the two 
populations. Some of those genetic differences were obscured by phenotypic plasticity 
within one to two years of transplanting in field sites.  
I also investigated the social and economic factors that inform restoration practice 
by querying conservation professionals who may use local ecotype plant material in 
restoration and nursery professionals who have the potential to supply those plants. 
Conservation professionals reported that they used native plants, particularly species 
associated with prairie, more often and over a longer period of time, compared to nursery 
professionals who reported supplying them. There were also differences in their 
perceptions of the importance of using locally sourced native plant materials: 
conservation professionals placed a higher value on using local ecotypes in restoration 
projects than nursery professionals. However, nursery professionals indicated that they 
would be willing to supply plants if they perceived high enough demand. Facilitated 
conversations between these groups might provide encouragement to nursery 
professionals to supply the native plant materials that conservation professionals prefer to 
use. 
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How well do forest understory plants survive and grow when transplanted as bare-root 
plants into restoration sites? 
 Both local and nonlocal plants had high survival rates in the field over the course 
of my two-year study. In addition, transplanted individuals of wild ginger and zigzag 
goldenrod were already beginning to spread clonally by the end of the second field 
season, which bodes well for the long-term success of new plant populations. This lends 
support to other studies which suggested that woodland herbaceous species perform well 
when transplanted (McLachlan and Bazely 2001, Mottl et al. 2006, Gerken Golay et al. 
2013). Others have demonstrated that transplanted herb species can survive over longer 
time periods (Mottl et al. 2006), and we plan to continue monitoring the plants in field 
plots to assess long-term success. Growing conditions were nearly ideal over the two-
year field study, which may have affected survival rates. Continued monitoring will be 
done to assess whether the transplants perform well under the full range of environmental 
variation in central Iowa, including adverse conditions such as drought (e.g., Gerken 
Golay et al. 2013). 
Are genetic differences expressed morphologically between local and nonlocal 
populations of woodland herbaceous perennial species? 
I detected genetically-based differences in vegetative and/or reproductive traits 
for all of the study species: about half of the traits measured were different in the 
common garden study. In general, there were more differences between populations for 
vegetative than reproductive traits. Some traits, such as stem diameter in wild ginger, leaf 
area and flower number for bluebells, and leaf number for jumpseed, were consistently 
different between populations in the common garden and both years in the field, which 
indicates that there may be genetically-based differences between the local and nonlocal 
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populations. Long-term monitoring will be used to test whether those apparently 
genetically-based morphological differences remain consistent in the field, or whether 
they will eventually respond plastically as they persist in their transplant environment. 
Many studies have documented such differences between populations of the same species 
(e.g., Linhart and Grant 1996, Gordon and Rice 1998, Gustafson et al. 2001, Joshi et al. 
2001, Selbo and Snow 2005, Gerken Golay et al. 2013, Fonseca et al. 2014). However, in 
our study, the local population did not necessarily outperform the nonlocal population, 
which has also been observed by others (Joshi et al. 2001, Bischoff et al. 2006, Bischoff 
et al. 2010, Carter and Blair 2013, Fonseca et al. 2014). These findings indicate that 
genetically-based trait differences between populations may not necessarily be adaptive 
in all situations, which could broaden the geographic range of plant material sources that 
are considered appropriate for restoration.  
To what degree are those differences obscured by phenotypic plasticity in the field under 
varying seasonal conditions? 
 Each of our study species had at least one trait that responded plastically in the 
field. Bristly buttercup and zigzag goldenrod appeared to be the most flexible; by the 
second field season, there were no differences between populations for any traits. Many 
scientists are concerned that using nonlocal plants in restoration may lead to outbreeding 
depression or genetic swamping, but it is possible that nonlocal plants will simply 
respond plastically to adapt to their new environment. 
 Taken together, these common garden and field studies provide useful 
information to inform restoration protocols. First, transplanting bare-root forest 
herbaceous species can be a successful method for understory restoration. This is an 
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important finding because conservative herbaceous species’ lack of seed bank storage 
(Pickett and McDonnell 1989) and limited dispersal mechanisms (Willson 1993, Cain et 
al. 1998) make them unlikely to reappear in disturbed remnant forests or colonize new 
sites. Second, there were genetically-based trait differences between local and nonlocal 
populations of all six study species. However, those differences do not necessarily equate 
to genotypes that are optimally adapted to the local environment because plasticity can 
allow nonlocal plants to outperform local plants.  
Are there differences between conservation professionals’ demand for and nursery 
professionals’ available supply of different plant materials? 
 We found that conservation professionals used a higher proportion of native 
plants than nursery professionals offer for sale. Of the native plant groups, conservation 
professionals used prairie plants, including grasses and forbs, for the bulk of their work, 
and reported using smaller amounts of woodland herbaceous plants. They also have used 
native plant groups in restoration for longer than most nursery professionals have been 
selling them. Conservation professionals used plants grown from source-identified seed 
for a much larger proportion of their plant material purchases than nursery professionals 
generally supplied. In general, there were differences between the types of plants that 
conservation professionals preferred to use for restoration and the types of plants that 
nursery professionals offered, as well as a time lag between conservation professionals’ 
for demand and nursery supplies of native plants. 
Are there differences among these stakeholder groups in their perceptions of restoration 
techniques, local ecotypes, and source-certified plant materials? 
 Conservation and nursery professionals differed in their knowledge of restoration 
techniques and in their perceptions of local ecotypes and source-certified plant material in 
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practice. Conservation professionals were more familiar with the ecological value of 
native plants and best management practices in restoration. They were also more familiar 
with species selection and seeding techniques in prairie and woodland restoration. In 
general, conservation professionals were more likely to agree that local ecotype plant 
material should be used in restoration, especially near a high-quality remnant, and that 
using nonlocal ecotype plant material could be detrimental to existing plant communities.  
What are the primary sources of information used by conservation and nursery 
professionals to learn about local ecotypes? 
 Conservation professionals and nursery professionals both rely on professional 
training and trusted authorities to provide information on local ecotype. This information 
suggests that professional training opportunities for both groups combined could be used 
to facilitate collaboration and cooperation. If restoration scientists wish to disseminate 
information about best management practices to either group, they can utilize existing 
social and professional networks to do so. 
 This study examined both science and practice in herbaceous understory 
restoration in Iowa by addressing empirical questions about the extent to which genetic 
differentiation and phenotypic plasticity occurred in six study species, as well as the 
social and economic factors that influence attitudes and actions of restoration 
practitioners. The information from these studies can be used to ensure that restoration 
practice is grounded in good science, and that scientists are addressing questions that are 
important to practitioners. I found that the herbaceous understory layer can be restored 
via transplant, at least in the short term. Continued monitoring of these plots will allow 
investigators to examine the extent to which genetic differentiation and phenotypic 
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plasticity factor into long-term restoration success, information that can be shared with 
stakeholder groups to enhance restoration practice. 
Acknowledgements 
Support for this study was provided by the Graduate Program in Environmental 
Science, the Leopold Center for Sustainable Agriculture, USDA Forest Service Northern 
Research Station, McIntire-Stennis funds, Iowa Nursery and Landscape Association 
Research Corporation, and the Center for Global and Regional Environmental Research.  
We thank The Nature Conservancy, Story County Conservation Board, Dean Biechler, 
and the Iowa Department of Natural Resources for allowing us to collect plant material, 
and the City of Ames and Iowa State University for allowing us to use their land as 
research sites. We would also like to thank all survey respondents for their responses, and 
Iowa State University’s Statistics Consulting Lab for assistance with analysis. We thank 
Phil Bice, Cody Griffin, Emalee Donaldson and Allison Grossi for field and lab 
assistance. Troy Heeren provided greenhouse assistance. 
Literature Cited 
Bischoff A, Crémieux L, Smilauerova M, Lawson CS, Mortimer SR, Dolezal J, Lanta V, 
Edwards AR, Brook AJ, Macel M, Leps J, Steinger T, Müller-Schärer H (2006) 
Detecting local adaptation in widespread grassland species—the importance of 
scale and local plant community. Journal of Ecology 94: 1130-1142 
Bischoff A, Steinger T, Müller-Schärer H (2010) The importance of plant provenance 
and genotypic diversity of seed material used for ecological restoration. 
Restoration Ecology 18:338-348 
Cain, ML, Damman H, Muir A (1998) Seed dispersal and the Holocene migration of 
woodland herbs. Ecological Monographs 68:325-347 
 
Carter DL, Blair JM (2013) Seed source has variable effects on species, communities, 
and ecosystem properties in grassland restorations. Ecosphere 4:A93 
85 
 
 
Fonseca C, Espeland E, Baxter JW (2014) Patterns of population differentiation in early 
traits of development in Elymus glaucus: implications for restoration. Ecological 
Restoration 32:388-395 
Gerken Golay ME , Manatt R, Mabry C, Thompson J, Kolka R (2013) Restoration of 
herbaceous woodland plants: persistence, growth, and reproductive success of 
local and non-local propagules. Ecological Restoration 31:378-387 
Gordon DR, Rice KJ (1998) Patterns of differentiation in wiregrass (Aristida 
beyrichiana): implications for restoration efforts. Restoration Ecology 6:166-174 
Gustafson DJ, Gibson DJ, Nickrent DL (2001) Characterizing three restored Andropogon 
gerardii Vitman (big bluestem) populations established with Illinois and non-
Illinois seed: established plants and their offspring. Pages 118-124 In: 
Proceedings of North American Prairie Conference, Mason City, Iowa 
Joshi J, Schmid B, Caldeira MC, Dimitrakopoulos PG, Good J, Harris R, Hector A, Huss-
Danell K, Jumpponen A, Minns A, Mulder CPH, Pereira JS, Prinz A, Scherer-
Lorenzen M, Siamantziouras ASD, Terry AC, Troumbis AY, Lawton JH (2001) 
Local adaptation enhances performance of common plant species. Ecology Letters 
4:536-544 
Linhart YB, Grant MC (1996) Evolutionary significance of local genetic differentiation 
in plants. Annual Review of Ecology & Systematics 27:237-277 
McLachlan SM, Bazely DR (2001) Recovery patterns of understory herbs and their use 
as indicators of deciduous forest regeneration. Conservation Biology 15:98-110 
Mottl L, Mabry C, Farrar D (2006) Seven-year survival of perennial herbaceous 
transplants in temperate woodland restoration. Restoration Ecology 14:330-338 
Pickett STA, McDonnell MJ (1987) Seed bank dynamics in temperate deciduous forest. 
Pages 123-147 In: Leck MA, Parker VT, Simpson RL (eds), Ecology of Soil Seed 
Banks. Academic Press, San Diego, California 
Selbo SM, Snow AA (2005) Flowering phenology and genetic similarity among local and 
recently introduced populations of Andropogon gerardii in Ohio. Restoration 
Ecology 13:441-447 
Willson MF (1993) Dispersal mode, seed shadows, and colonization patterns. Vegetatio 
107:261-280 
  
86 
 
 
APPENDIX A: SURVEY OF CONSERVATION PROFESSIONALS 
Dear conservation professional,      
 
Personnel at Iowa State University are conducting a research study on knowledge of and 
attitudes toward plant material sources for restoration projects conducted in the state of 
Iowa. You have been selected as a participant because you are an important stakeholder 
in conservation and restoration. We would like to invite you to participate in a short 
online survey that will offer us insight into your opinions on this issue. Please carefully 
consider if you are willing to participate.    
 
There are no direct risks or benefits to you should you choose to participate in this study. 
Your participation is completely voluntary and you may skip any questions that you do 
not wish to answer or that make you feel uncomfortable.  
 
Records will be kept confidential to the extent permitted by applicable laws and 
regulations and will not be made publicly available. However, federal government 
regulatory agencies, auditing departments of Iowa State University, and the Institutional 
Review Board (a committee that reviews and approves human subject research studies) 
may inspect and/or copy project records for quality assurance and data analysis. These 
records may contain private information. If the results of this study are published, your 
identity will remain completely confidential.     
 
Your participation in this research project is very important to us. We thank you for 
considering participating in this important study.  
 
This survey should take 10-15 minutes to complete.    
 
By clicking ‘NEXT’ now, you will become a participant in our study.       
• For further information about the study or if you have questions regarding the 
study, contact Dr. Jan Thompson (jrrt@iastate.edu) or Emily Altrichter 
(emilya1@iastate.edu), Department of Natural Resource Ecology and 
Management, 339 Science II, Iowa State University, Ames, Iowa.  
• If you have any questions about the rights of research subjects or research-related 
injury, please contact the IRB Administrator, (515) 294-4566, IRB@iastate.edu, 
or Director, (515) 294-3115, Office for Responsible Research, Iowa State 
University, Ames, Iowa 50011. 
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First, we'd like to confirm your role.  
 
1. Please select your primary group affiliation:  
 Nursery owner 
 Nursery operator 
 Professional horticulturist and/or landscaper 
 Governmental natural resource manager and/or conservation professional 
 Non-governmental natural resource manager and/or conservation professional 
 Woodland landowner 
 Other (please specify) ____________________ 
 
2. Please select your secondary group affiliation, if applicable: 
 Nursery owner 
 Nursery operator 
 Professional horticulturist and/or landscaper 
 Governmental natural resource manager and/or conservation professional 
 Non-governmental natural resource manager and/or conservation professional 
 Woodland landowner 
 Other (please specify) ____________________ 
 Not applicable 
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3. Please characterize your position in terms of the relative importance of the following: 
 Not 
important 
Somewhat 
important 
Moderately 
important 
Important Very 
important 
Not 
applicable 
Writing management 
plans             
Implementing 
management plans             
Maintaining conservation 
areas             
Restoring plant 
communities in 
conservation areas 
            
Conducting environmental 
advocacy             
Ensuring compliance with 
environmental regulations             
Fundraising for natural 
resource management             
Communicating with 
environmental 
stakeholders 
            
Other (please specify)             
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4. If you buy or use plant material for restoration, approximately what percentage of plant material do you obtain from the following 
categories?  
 0% 1-9% 10-24% 25-49% 50-74% 75-100% Not 
applicable 
Wholesale               
Retail               
Online               
In-store               
Seeds               
Plants (potted plants, 
plugs, bare root plants, 
etc.) 
              
Other (please specify)               
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5. Please indicate how strongly you agree or disagree with the following statements:  
 Strongly 
disagree 
Disagree Neither Agree 
nor Disagree 
Agree Strongly 
Agree 
I am familiar with the 
ecological value of native plant 
communities. 
          
I am familiar with the 
functional value of native plant 
communities. 
          
I stay up-to-date on changes in 
best management practices for 
native plant community 
restoration. 
          
I am knowledgeable about local 
ecotypes.           
Species selection           
Stock type selection (seed vs. 
plant stock)           
Seeding techniques           
Bare root planting techniques           
Species selection           
Stock type selection (seed vs. 
plant stock)           
Seeding techniques           
Bare root planting techniques           
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For the following questions, please use these definitions for different types of plant material: 
Native plants: species that are indigenous to North America and occur naturally within Iowa. 
Prairie plants: native species that occur in prairie ecosystems, including grasses (graminoids) and forbs (herbaceous flowering plants).   
Woodland species: native species that occur in forest and woodland ecosystems.   
Woody plants: trees and shrubs.   
Woodland herbaceous perennial species: any non-woody vascular plants less than three feet tall that thrive in shady forest 
understories.   
Plants grown from source-identified seed: any plant material that is known to have originated in a specific place and has undergone an 
origin-certification process. 
 
6. When you buy or use plant material for restoration, approximately what percentage of plant material fit the following categories?  
 0% 1-9% 10-24% 25-49% 50-74% 75-100% Not 
applicable 
Native plants               
Prairie plants               
Grasses               
Forbs               
Woodland species               
Woody plants               
Woodland 
herbaceous 
perennial species 
              
Plants grown from 
source-identified 
seed 
              
Other (please 
specify)               
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For the following questions, please use these definitions for different types of plant material: 
Native plants: species that are indigenous to North America and occur naturally within Iowa. 
Prairie plants: native species that occur in prairie ecosystems, including grasses (graminoids) and forbs (herbaceous flowering plants).   
Woodland species: native species that occur in forest and woodland ecosystems.   
Woody plants: trees and shrubs.   
Woodland herbaceous perennial species: any non-woody vascular plants less than three feet tall that thrive in shady forest 
understories.   
Plants grown from source-identified seed: any plant material that is known to have originated in a specific place and has undergone an 
origin-certification process. 
 
7. Please indicate how long you have been using the following groups of species in restoration projects, if applicable: 
 0-2 years 3-5 years 6-10 years >10 years Not 
applicable 
Native plants           
Prairie plants           
Grasses           
Forbs           
Woodland species           
Woody plants           
Woodland herbaceous 
perennial species           
Plants grown from 
source-identified seed           
Other (please specify)           
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For the following questions, please use this definition of local ecotype:    
Local ecotype: A population of plants that originated in a specific area and have genetic 
adaptations to the environment in that area. 
 
8. What are your primary sources of information about local ecotypes? Please check all 
that apply. 
 Trade journals 
 University extension office (Iowa State University Horticulture or Forestry 
Extension) 
 Scientific literature (Ecological Restoration, Restoration Ecology, Ecology, etc.) 
 Professional training (workshops, special training) 
 School coursework (general biology, forestry, botany, horticulture, restoration 
classes) 
 Trusted authority (supervisor, colleague, friend, etc.) 
 I am not familiar with this term 
 Other (please specify) ____________________ 
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For the following questions, please use the following definitions: 
Local ecotype: A population of plants that originated in a specific area and have genetic adaptations to the environment in that area. 
Plants grown from source-identified seed: any plant material that is known to have originated in a specific place and has undergone an 
origin-certification process. 
 
9. Please rate how much you agree or disagree with the following statements: 
 Strongly 
disagree 
Disagree Neither Agree 
nor Disagree 
Agree Strongly 
Agree 
I believe that it is important to keep track of 
where plant material is originally collected.           
I think it is appropriate to plant non-local-
ecotype plant material in an urban garden.           
I believe that native plant communities are a 
valuable natural resource.           
It is important to restore native plant 
communities regardless of the plant material 
source. 
          
I think that the source of plant material for 
restoration projects is not important.           
I believe that those conducting restoration 
should use only local ecotype plant material 
when working in/near a high-quality remnant 
plant community. 
          
I believe that it is important to use local 
ecotype plant material whenever possible.           
I think that using non-local plant material 
would be detrimental to an existing plant 
community. 
          
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For the following questions, please use the following definitions: 
Local ecotype: A population of plants that originated in a specific area and have genetic adaptations to the environment in that area. 
Plants grown from source-identified seed: any plant material that is known to have originated in a specific place and has undergone an 
origin-certification process. 
 
10. Please rate how much you agree or disagree with the following statements: 
 Strongly 
disagree 
Disagree Neither 
Agree nor 
Disagree 
Agree Strongly 
Agree 
Not 
applicable 
I prefer to buy from nurseries 
that specialize in native 
plants. 
            
I have requested local 
ecotype plant material.             
I exclusively purchase local 
ecotype plant material.             
I would be willing to pay 
more for local ecotype plant 
material. 
            
I have requested source-
certified plant material.             
I exclusively purchase 
source-certified plant 
material. 
            
I would be willing to pay 
more for source-certified 
plant material. 
            
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11. Does your organization have specific guidelines for obtaining source-certified or local 
ecotype plant material?  
 Yes (please proceed to question 12) 
 No (please proceed to question 16) 
 
12. What are your organization's recommended boundaries for obtaining plant material 
for restoration? Please check all that apply. 
 State lines 
 County lines 
 Maximum radius from restoration site 
 Variable based on type of restoration project (high quality remnant, new restoration, 
urban park, etc.) 
 Variable based on biotic and abiotic environmental conditions (topography, moisture, 
soil type, plant community, etc.) 
 Other (please specify) ____________________ 
 
13. If there is a maximum distance from a restoration site from which your organization 
recommends obtaining plant material, what is that distance? Please include units. 
 
14. How long has your organization been recommending local ecotype plant material? If 
your organization does not recommend local ecotype plant material, write 'N/A.' 
 
15. How long has your organization been recommending source-certified plant material? 
If your organization does not recommend source-certified plant material, write 'N/A.' 
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16. Do you have preferred guidelines for obtaining source-certified or local ecotype plant 
material? 
 Yes (please proceed to question 17) 
 No (please proceed to question 21) 
 
17. What is your preferred distance limit for obtaining plant material for restoration? 
Please check all that apply. 
 State lines 
 County lines 
 Maximum radius from restoration site 
 Variable based on type of restoration project (high quality remnant, new restoration, 
urban park, etc.) 
 Variable based on biotic and abiotic environmental conditions (topography, moisture, 
soil type, plant community, etc.) 
 Other (please specify) ____________________ 
 
18. If there is a maximum distance from a restoration site from which you prefer to obtain 
plant material, what is that distance? Please include units. 
 
19. How long have you been recommending or using local ecotype plant material? If you 
do not recommend or use local ecotype plant material, write 'N/A.' 
 
20. How long have you been recommending or using source-certified plant material? If 
you do not recommend or use source-certified plant material, write 'N/A.'  
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The following items are for demographic description purposes only. 
 
21. Are you: 
 Male 
 Female 
 
22. In what year were you born? 
 
23. Approximately how many years have you lived in Iowa? 
 
24. Approximately how many years have you been involved in the conservation industry? 
 
25. What is the highest level of education you have completed?  
 9th to 12th grade, no diploma 
 High school graduate 
 Some college, no degree 
 Associate degree 
 Bachelor's degree 
 Graduate or professional degree 
 Prefer not to answer 
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APPENDIX B: SURVEY OF NURSERY PROFESSIONALS 
Dear nursery owner or operator,      
 
Personnel at Iowa State University are conducting a research study on knowledge of and 
attitudes toward plant material sources for restoration projects conducted in the state of 
Iowa. You have been selected as a participant because you are an important stakeholder 
by potentially providing plants for restoration. We would like to invite you to participate 
in a short online survey that will offer us insight into your opinions on this issue. Please 
carefully consider if you are willing to participate.    
 
There are no direct risks or benefits to you should you choose to participate in this study. 
Your participation is completely voluntary and you may skip any questions that you do 
not wish to answer or that make you feel uncomfortable.    
 
Records will be kept confidential to the extent permitted by applicable laws and 
regulations and will not be made publicly available. However, federal government 
regulatory agencies, auditing departments of Iowa State University, and the Institutional 
Review Board (a committee that reviews and approves human subject research studies) 
may inspect and/or copy project records for quality assurance and data analysis. These 
records may contain private information. If the results of this study are published, your 
identity will remain completely confidential.     
 
Your participation in this research project is very important to us. We thank you for 
considering participating in this important study.  
 
This survey should take 10-15 minutes to complete.    
 
By clicking ‘NEXT’ now, you will become a participant in our study.   
 
• For further information about the study or if you have questions regarding the 
study, contact Dr. Jan Thompson (jrrt@iastate.edu) or Emily Altrichter 
(emilya1@iastate.edu), Department of Natural Resource Ecology and 
Management, 339 Science II, Iowa State University, Ames, IA. 
• If you have any questions about the rights of research subjects or research-related 
injury, please contact the IRB Administrator, (515) 294- 4566, IRB@iastate.edu, 
or Director, (515) 294-3115, Office for Responsible Research, Iowa State 
University, Ames, Iowa 50011.    
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First, we'd like to confirm your role.  
 
1. Please select your primary group affiliation:  
 Nursery owner 
 Nursery operator 
 Professional horticulturist and/or landscaper 
 Governmental natural resource manager and/or conservation professional 
 Non-governmental natural resource manager and/or conservation professional 
 Woodland landowner 
 Other (please specify) ____________________ 
 
2. Please select your secondary group affiliation, if applicable: 
 Nursery owner 
 Nursery operator 
 Professional horticulturist and/or landscaper 
 Governmental natural resource manager and/or conservation professional 
 Non-governmental natural resource manager and/or conservation professional 
 Woodland landowner 
 Other (please specify) ____________________ 
 Not applicable 
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3. If you are associated with a nursery or landscaping firm, please characterize your operation in terms of the relative importance of 
the following: 
 Not 
important 
Somewhat 
important 
Moderately 
important 
Important Very 
important 
Not 
Applicable 
Landscape 
design             
Landscape 
installation             
Landscape 
consultation             
Sale of 
plant 
material 
            
Other 
(please 
specify) 
            
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4. Approximately what percentage of your sales volume (of plants) fits the following categories?  
 0% 1-9% 10-24% 25-49% 50-74% 75-100% Not 
Applicable 
Wholesale               
Retail               
Online               
In-store               
Seeds               
Plants (potted 
plants, plugs, 
bare root 
plants, etc.) 
              
Other (please 
specify)               
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5. Please indicate how strongly you agree or disagree with the following statements:  
 Strongly 
disagree 
Disagree Neither Agree 
nor Disagree 
Agree Strongly 
Agree 
I am familiar with the 
ecological value of native plant 
communities. 
          
I am familiar with the 
functional value of native plant 
communities. 
          
I stay up-to-date on changes in 
best management practices for 
native plant community 
restoration. 
          
I am knowledgeable about 
local ecotypes.           
Species selection           
Stock type selection (seed vs. 
plant stock)           
Seeding techniques           
Bare root planting techniques           
Species selection           
Stock type selection (seed vs. 
plant stock)           
Seeding techniques           
Bare root planting techniques           
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For the following questions, please use these definitions for different types of plant material: 
Native plants: species that are indigenous to North America and occur naturally within Iowa. 
Prairie plants: native species that occur in prairie ecosystems, including grasses (graminoids) and forbs (herbaceous flowering plants).   
Woodland species: native species that occur in forest and woodland ecosystems.   
Woody plants: trees and shrubs.   
Woodland herbaceous perennial species: any non-woody vascular plants less than three feet tall that thrive in shady forest 
understories.   
Plants grown from source-identified seed: any plant material that is known to have originated in a specific place and has undergone an 
origin-certification process. 
6. Approximately what percentage of your sales volume (of plants) fits the following categories? 
 0% 1-9% 10-24% 25-49% 50-74% 75-100% Not 
Applicable 
Native plants               
Prairie plants               
Grasses               
Forbs               
Woodland species               
Woody plants               
Woodland herbaceous perennial 
species               
Plants grown from source-
identified seed               
Other (please specify)               
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For the following questions, please use these definitions for different types of plant material: 
Native plants: species that are indigenous to North America and occur naturally within Iowa. 
Prairie plants: native species that occur in prairie ecosystems, including grasses (graminoids) and forbs (herbaceous flowering plants).   
Woodland species: native species that occur in forest and woodland ecosystems.   
Woody plants: trees and shrubs.   
Woodland herbaceous perennial species: any non-woody vascular plants less than three feet tall that thrive in shady forest 
understories.   
Plants grown from source-identified seed: any plant material that is known to have originated in a specific place and has undergone an 
origin-certification process. 
 
7. Please indicate how long you have been growing the following groups of species in your nursery: 
 Not 
applicable 
0-2 years 3-5 years 6-10 years >10 years 
Native plants           
Prairie plants           
Grasses           
Forbs           
Woodland species           
Woody plants           
Woodland herbaceous 
perennial species           
Plants grown from 
source-identified seed           
Other (please specify)           
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For the following questions, please use this definition of local ecotype:    
Local ecotype: A population of plants that originated in a specific area and have genetic 
adaptations to the environment in that area. 
 
8. What are your primary sources of information about local ecotypes? Please check all 
that apply. 
 Trade journals (HortTechnology, American Nurseryman, etc.) 
 University extension office (Iowa State University Horticulture or Forestry 
Extension) 
 Scientific literature (Environmental Horticulture, Ecological Restoration, etc.) 
 Professional training (workshops, trade shows, special training) 
 School coursework (general biology, forestry, botany, horticulture, restoration 
classes) 
 Trusted authority (supervisor, colleague, friend, etc.) 
 I am not familiar with this term 
 Other (please specify) ____________________ 
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For the following questions, please use the following definitions: 
Local ecotype: A population of plants that originated in a specific area and have genetic adaptations to the environment in that area. 
Plants grown from source-identified seed: any plant material that is known to have originated in a specific place and has undergone an 
origin-certification process. 
 
9. Please rate how much you agree or disagree with the following statements: 
 Strongly 
disagree 
Disagree Neither Agree 
nor Disagree 
Agree Strongly 
Agree 
I believe that it is important to keep track of 
where plant material is originally collected.           
I think it is appropriate to plant non-local-
ecotype plant material in an urban garden.           
I believe that native plant communities are a 
valuable natural resource.           
It is important to restore native plant 
communities regardless of the plant material 
source. 
          
I think that the source of plant material for 
restoration projects is not important.           
I believe that those conducting restoration 
should use only local ecotype plant material 
when working in/near a high-quality 
remnant plant community. 
          
I believe that it is important to use local 
ecotype plant material whenever possible.           
I think that using non-local plant material 
would be detrimental to an existing plant 
community. 
          
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For the following questions, please use the following definitions: 
Local ecotype: A population of plants that originated in a specific area and have genetic adaptations to the environment in that area. 
Plants grown from source-identified seed: any plant material that is known to have originated in a specific place and has undergone an 
origin-certification process. 
 
10. Please rate how much you agree or disagree with the following statements: 
 Strongly 
disagree 
Disagree Neither Agree 
nor Disagree 
Agree Strongly 
Agree 
My customers have requested local 
ecotype plant material.           
My customers have requested source-
certified plant material.           
If my customers requested local 
ecotype plant material, I would be 
willing to obtain it for them. 
          
If my customers requested source-
certified plant material, I would be 
willing to obtain it for them. 
          
I do (or would) charge more for local 
ecotype/source-certified plant 
material. 
          
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11. Please indicate the longest period of time that you would engage in the following activities: 
 I would not 
try to 
cultivate 
these species. 
6 months-1 
year 
1-2 years 3-4 years >5 years 
Cultivate species that are difficult to 
grow.           
Cultivate species that are difficult to 
grow but financially valuable.           
Cultivate species that are difficult to 
grow but have high customer 
demand. 
          
 
 
12. Do you supply local ecotype or source-certified plant material? 
 Yes (please proceed to questions 13-14) 
 No (please proceed to question 15) 
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If you do supply local ecotype or source-certified plant material, please answer the following questions, and then proceed to 
question 16. 
 
13. Please respond to the following:  
 0 1-5 6-10 11-25 >25 
Currently, about how many 
customers per year specifically request 
source-certified plant material? 
          
At the time when you began selling 
source-certified plant material, about how 
many customers per year specifically 
requested it? 
          
 
14. Please indicate how you would characterize the following: 
 Consistently 
decreasing 
Variable, but 
generally 
decreasing 
Stable Variable, but 
generally 
increasing 
Consistently 
increasing 
Current demand for local ecotype plant 
material           
Current demand for source-certified plant 
material           
Anticipated future demand for local 
ecotype plant material           
Anticipated future demand for source-
certified plant material           
 
Please proceed to question 16. 
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If you do not supply local ecotype or source-certified plant material, please answer the following question, and then proceed to 
question 16. 
 
15. Please indicate your level of agreement with the following statements: 
 Strongly 
disagree 
Disagree Neither Agree 
nor Disagree 
Agree Strongly 
Agree 
I am currently considering selling 
local ecotype plant material.           
I would never consider selling local 
ecotype plant material.           
Currently, demand for local ecotype 
plant material is low.           
I am currently considering selling 
source-certified plant material.           
I would never consider selling 
source-certified plant material.           
Currently, demand for source-
certified plant material is low.           
I would sell local ecotype or source-
certified plant material if more of my 
customers asked for it. 
          
I would sell local ecotype or source-
certified plant material if I knew that 
I could make a profit. 
          
Locating and selling source-certified 
plant material is a hassle.           
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The following items are for demographic description purposes only. 
 
16. Are you: 
 Male 
 Female 
 
17. In what year were you born? 
 
18. Approximately how many years have you lived in Iowa? 
 
19. Approximately how many years have you been involved in the nursery industry? 
 
20. What is the highest level of education you have completed?  
 9th to 12th grade, no diploma 
 High school graduate 
 Some college, no degree 
 Associate degree 
 Bachelor's degree 
 Graduate or professional degree 
 Prefer not to answer 
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APPENDIX C: INSTITUTIONAL REVIEW BOARD APPROVAL 
 
 
